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(57) A polymer battery module packaging sheet in- 
cludes, as essential components, a base layer (61 ), an 
aluminum layer (62), chemical conversion coatings 
(64a, 64b) coating the opposite surfaces of the alumi- 
num layer (62), and an innermost layer (63). The chem- 
ical conversion coatings (64a, 64b) are formed by 
processing the opposite surfaces of the aluminum layer 
(62) by a phosphate treatment method. The base layer 
(61) and the innermost layer (63) are bonded to the 
chemical conversion coatings (64a, 64b) of the alumi- 
num layer (62) with adhesive layers (65a, 65b), respec- 
tively. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a moisture- 
proof, formable packaging sheet for forming a package 
for packaging a polymer battery module with a solid or- 
ganic electrolyte (polyeleclrolyte), resistant to the detri- 
mental effects of the polymer battery module, and to a 
method of manufacturing the packaging sheet. 

BACKGROUND ART 

[0002] A polymer battery, which is also called a lithium 
secondary battery, uses a polyelectrolyte, generates 
current by the migration of lithium ions and has positive 
and negative electrodes formed of active polymers. 
[0003] The lithium secondary battery comprises a lith- 
ium battery module having a positive electrode collector 
(aluminum or nickel), a positive electrode active sub- 
stance layer (metal oxide, carbon black, a metal sulfide, 
an electrolytic solution or a polymer for forming a posi- 
tive electrode, such as polyacrylonitrile), an electrolytic 
layer (a carbonate electrolytic solution of propylene car- 
bonate, ethylene carbonate, dimethyl carbonate or eth- 
ylene methyl carbonate, an inorganic solid electrolyte of 
a lithium salt or a gelled electrolyte), a negative elec- 
trode active layer (lithium, an alloy, carbon, an electro- 
lytic solution or a polymer, such as polyacrylonitrile) and 
a negative electrode collector (copper, nickel, a stain- 
less steel), and a package containing the lithium battery 
module therein. 

[0004] The polymer battery is used as a power supply 
for personal computers, portable terminal devices (port- 
able telephone sets and PDAs), video cameras, electric 
vehicles, energy storage batteries, robots, artificial sat- 
ellites and the like. 

[0005] The package of the polymer battery is a cylin- 
drical or parallelepipedic metal can formed by pressing 
a metal sheet or a pouch formed by processing a lami- 
nated sheet consisting of a base layer, an aluminum lay- 
er and a sealant layer. 

[0006] Such known packages for polymer batteries 
have the following problems. The meal can has rigid 
walls and hence the shape of the lithium battery module 
is dependent on that of the metal can. Since the hard- 
ware is designed so as lo conform to the shape of the 
battery, the dimensions of the hardware are dependent 
on the shape of the battery, which reduces the degree 
of freedom of designing the shape of the hardware. 
[0007] A pouch formed by heat-sealing two laminated 
sheets to contain a polymer battery module therein and 
an embossed package formed in the shape of a vessel 
by subjecting the laminated sheet to an embossing proc- 
ess to contain a polymer battery therein have been de- 
veloped. The embossed package, as compared with the 
pouch, is a compact package. Satisfactory moisture- 
proof property, strength including piecing resistance and 



insulating property are essential to polymer battery 
packages. Satisfactory formability is an additional im- 
portant property of a laminated sheet for forming the em- 
bossed package. 
5 [0008] More specifically, a packaging laminated sheet 
having a nylon layer, an adhesive layer, an aluminum 
layer, an adhesive layer and a cast polypropylene (PP) 
resin layer is an example of a polymer battery module 
packaging sheetforforming embossed packages. Even 
10 if the packaging laminated sheet is fabricated by a dry 
lamination process that makes the adhesive layers bond 
the adjacent layers with stable, high adhesive strength, 
sometimes, the packaging laminated sheet is delami- 
nated and the nylon layer and the aluminum layer are 
separated when the packaging laminated sheet is sub- 
jected to an embossing process or when a package 
formed from the packaging laminated sheet is subjected 
to a heat-sealing process to heat-seal a peripheral part 
thereof afler pulling a polymer batlery module in Ihe 
package. Sometimes, the packaging laminated sheet is 
delaminated by hydrogen fluoride produced by the in- 
teraction of the electrolyte of the polymer battery module 
and moisture and the aluminum layer and the cast PP 
layer are separated. 

DISCLOSURE OF THE INVENTION 

[0009] It is an object of the present invention to pro- 
vide a polymer battery module packaging sheet excel- 
lent in protective property for protecting a polymer bat- 
tery module and formability. and a method of manufac- 
turing the same. 

[0010] According to the present invention, a polymer 
battery module packaging sheet for packaging a poly- 
mer battery module includes, as essential components, 
a base layer, an aluminum layer, a chemical conversion 
coating, and an innermost layer, wherein the innermost 
layer consists of a single layer. 
[0011] According to the present invention, a polymer 
battery module packaging sheet for packaging a poly- 
mer battery module includes, as essential components, 
a base layer, an aluminum layer, a chemical conversion 
coating formed by chemical conversion treatment and 
an innermost layer, wherein the innermost layerconsists 
of an adhesive resin layer and an innermost resin layer. 
[0012] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the steps of: processing one of surfaces of 
an aluminum layer by chemical conversion treatment; 
dry-laminating the aluminum layer to a base layer with 
the other surface thereof not processed by the chemical 
conversion treatment bonded to the base layer; and 
bonding an innermost layer to the surface processed by 
the chemical conversion treatment of the aluminum lay- 
er by extruding a molten resin for forming the innermost 
layer in a molten resin film by an extrusion process while 
a surface of the molten resin film facing the aluminum 
layer is processed by ozone treatment. 
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[0013] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the steps of; processing one of surfaces of 
an aluminum layer by chemical conversion treatment; 
dry-laminating the aluminum layer to a base layer with 
the other surface thereof not processed by the chemical 
conversion treatment bonded to the base layer; and 
laminating a film consisting of an innermost layer and 
an adhesive resin layer to the surface processed by the 
chemical conversion treatment of the aluminum layer by 
a coextrusion lamination method while a surface of a 
molten resin film forming the adhesive resin layer facing 
the aluminum layer by ozone treatment. 
[0014] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the steps of: processing one of surfaces of 
an aluminum layer by chemical conversion treatment; 
dry-laminating the aluminum layer to a base layer; lam- 
inating a film or an adhesive resin forming an innermost 
layer to the surface processed by the chemical conver- 
sion treatment of the aluminum layer by extruding the 
adhesive resin by a sandwich lamination method while 
a surface of the film of the molten adhesive resin by 
ozone treatment. 

[0015] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the step of sequentially laminating at least a 
base layer, an aluminum layer, a chemical conversion 
coating and an innermost layer, wherein the innermost 
layer is formed of a polyethylene resin (PE resin). 
[0016] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the steps of: processing both the surfaces of 
an aluminum layer by chemical conversion treatment; 
dry-laminating a base layer to one of the surfaces of the 
aluminum layer; and laminating an innermost layer to 
the other surface of the aluminum layer by extruding a 
molten resin in a molten resin film by an extrusion proc- 
ess while a surface of the molten resin film facing the 
aluminum layer is processed by ozone treatment. 
[0017] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the steps of: processing both the surfaces of 
an aluminum layer by chemical conversion treatment; 
dry-laminating a base layer to one of the surfaces of the 
aluminum layer; and laminating a film of a molten adhe- 
sive resin film for forming an adhesive resin layer, and 
an innermost layer formed by a coextrusion lamination 
method to the other surface of the aluminum layer while, 
a surface of the molten adhesive resin film facing the 
aluminum layer is processed by ozone treatment. 
[0018] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the steps of: processing both the surfaces of 
an aluminum layer by chemical conversion treatment; 
dry-laminating a base layer to one of the surfaces of the 
aluminum layer; and extruding an-adhesive resin on the 
aluminum layer in a molten adhesive resin film, sand- 



wich-laminating a film forming an innermost layer to the 
other surface of the aluminum layer by the molten ad- 
hesive resin film while a surface of the molten adhesive 
resin film facing the aluminum layer is processed by 
5 ozone treatment. 

[0019] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the steps of: processing at least one of sur- 
faces of an aluminum layer by chemical conversion 
10 treatment; dry-laminating a base layer to a surface not 
processed by the chemical conversion treatment of the 
aluminum layer; forming a laminated sheet by laminat- 
ing a film consisting of an adhesive resin layer and an 
innermost layer and formed by a coextrusion lamination 
'5 method to the surface processed by the chemical con- 
version treatment of the aluminum layer; and heating the 
laminated sheet so that the adhesive resin layer is heat- 
ed at a temperature not lower than its softening point. 
[0020] According lo ihe present invention, a polymer 
20 battery module packaging sheet manufacturing method 
comprises the steps of; processing at least one of sur- 
faces of an aluminum layer by chemical conversion 
treatment; dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; forming a laminated sheet 
25 by bonding a polypropylene resin film (hereinafter re- 
ferred to as "PP resin film") with an adhesive resin layer 
of an acid-modified polypropylene resin (hereinafter re- 
ferred to as "PPa resin") to the other surface processed 
by the chemical conversion treatment of the aluminum 
30 layer by a sandwich lamination process; and heating the 
laminated sheet so that the adhesive resin layer is heat- 
ed at a temperature not lower than its softening point. 
[0021] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
35 comprises the steps of: processing at least one of sur- 
faces of an aluminum layer by chemical conversion 
treatment; dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; forming a laminated sheet 
by laminating a film consisting of a film of an acid-mod- 
*o ified polyethylene resin (hereinafter referred to as "PEa 
resin") and a film of a polyethylene resin (hereinafter re- 
ferred to as "PE resin") to the surface processed by the 
chemical conversion treatment of the aluminum layer by 
a coextrusion lamination method; and 

45 bating the laminated sheet so that the film of the 

PEa resin is heated at a temperature not lower than the 
softening point of the PEa resin. 
[0022] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
so comprises the steps of: processing at least one of sur- 
faces of an aluminum layer by chemical conversion 
treatment; dry-laminating a base layer to one of tho sur- 
faces of the aluminum layer; forming a laminated sheet 
by bonding a film of a PE resin with an adhesive resin 
55 layer of a PEa resin to the surface treated by the chem- 
ical conversion treatment of the aluminum layer by a 
sandwich lamination process; and heating the laminat- 
ed sheet so that the adhesive resin layer is heated at a 
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temperature not lower than the softening point of the 
Ape resin. 

[0023] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the steps of: processing at least one of sur- 5 
faces of an aluminum layer by chemical conversion 
treatment; dry- laminating a base layer to one of the sur- 
faces of the aluminum layer; forming a laminated sheet 
by laminating a film consisting of an adhesive resin film 
of an acid-modified polypropylene resin (hereinafter re- w 
ferred to as TPa resin") and a film of an ethylene-rich 
random polypropylene resin (hereinafter referred to as 
"ERRPP resin") to the other surface of the aluminum lay- 
er by a coextrusion lamination method; and heating the 
laminated sheet at a temperature not lower than thesof- 15 
tening point of the PPa resin. 

[0024] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the steps of: processing at least one of sur- 
faces of an aluminum layer by chemical conversion 20 
treatment; dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; and forming a laminated 
sheet by heating the surface processed by the chemical 
conversion treatment of the aluminum layer at a temper- 
ature not lower than the softening point of a PPa resin 25 
and laminating a film consisting of an adhesive resin film 
of the PPa resin and a film of an ethylene-rich random 
PP resin (hereinafter referred to as "ERRPP resin") to 
the surface processed by the chemical conversion treat- 
ment of the aluminum layer by a coextrusion lamination 30 
method. 

[0025] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the steps of: processing at least one of sur- 
faces of an aluminum layer by chemical conversion 35 
treatment; dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; forming a laminated sheet 
by bonding an innermost layer of an ERRPP resin with 
an adhesive resin layer of a PPa resin by a sandwich 
lamination process; and heating the laminated sheet so 40 
that the adhesive resin layer is heated at a temperature 
not lower than the softening point of the PPa resin form- 
ing the adhesive resin layer. 

[0026] According to the present invention, a polymer 
battery module packaging sheet manufacturing method 
comprises the steps of: processing at least one of sur- 
faces of an aluminum layer by chemical conversion 
treatment; dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; and forming a laminated 
sheet by heating the surface processed by the chemical so 
conversion treatment of the aluminum layer at a temper- 
ature not lower than the softening point of a PPa resin 
and bonding an innermost layer of an ERRPP resin with 
an adhesive resin layer of the PPa resin by a sandwich 
lamination method. 55 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0027] 

Fig. 1 is a sectional view of a polymer battery mod- 
ule packaging sheet in a first embodiment accord- 
ing to the present invention: 
Fig. 2 is a view of assistance in explaining a polymer 
battery employing an embossed package; 
Fig. 3 is a view of assistance in explaining a method 
of forming an embossed package; 
Fig. 4 is a view of assistance in explaining a method 
of attaching tabs to a polymer battery module pack- 
aging sheet; 

Fig. 5 is a sectional view of assistance in explaining 
packaging laminated sheets as polymer battery 
module packaging sheets in a second embodiment 
to an eighth embodiment according to the present 
invention; 

Fig. 6 is a perspective view of assistance in explain- 
ing a polymer battery employing a pouch as a pack- 
age; 

Fig. 7 is a view of assistance in explaining a polymer 
battery employing an embossed package; 
Fig. 8 is a view of assistance in explaining a method 
of forming an embossed package; 
Fig. 9 is a diagrammatic view of assistance in ex- 
plaining a sandwich lamination method to be ap- 
plied to manufacturing a polymer battery module 
packaging sheet; 

Fig. 10 is a diagrammatic view of assistance in ex- 
plaining a coextrusion lamination method to be ap- 
plied to manufacturing a polymer battery module 
packaging sheet; 

Fig. 11 is a sectional view of assistance in explain- 
ing packaging laminated sheets as polymer battery 
module packaging sheets in a ninth embodiment 
and a tenth embodiment according to the present 
invention; and 

Fig. 12 is a diagrammatic view of assistance in ex- 
plaining a coextrusion lamination method to be ap- 
plied to manufacturing a polymer battery module 
packaging sheet. 

BEST MODE FOR CARRYING OUT THE INVENTION 
First Embodiment 

[0028] A polymer battery module packaging sheet in 
a first embodiment according to the present invention is 
intended for forming an embossed package having a 
hollow for containing a polymer battery module. The 
present invention will be described with reference to the 
accompanying drawings. 

[0029] Fig. 1 is a sectional view of a polymer battery 
module packaging sheet in a first embodiment accord- 
ing to the present invention. 

[0030] Figs. 2(a) to 2(e) are views of polymer packag- 
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es of different types, and Figs. 3(a) to 3(d) are views of 
assistance in explaining an embossed structure, in 
which Fig. 3(a) is a perspective view, Fig. 3(c) is a sec- 
tional view taken on line X-X in Fig, 3(b), and Fig. 3(d) 
is an enlarged view of a part indicated at Y in Fig. 3(c). 
[0031 ] Figs. 4(a) to 4(f) are views of assistance in ex- 
plain ing a method of attaching an adhesive film for bond- 
ing tabs to a polymer battery module packaging sheet. 
[0032] As shown in Figs. 2(a) and 2(d), a polymer bat- 
tery 1 with an embossed package includes a package 
body 5a formed by embossing a packaging laminated 
sheet 10, i.e., a polymer battery module packaging 
sheet, and provided with a hollow part 7 and a flange 9, 
a polymer battery module 2 placed in the hollow part 7 
of the package body 5a, and a cover 5t formed by cutting 
the packaging laminated sheet 10 and bonded to the 
flange 9 of the package body 5a by heat-sealing. 
[0033] The polymer battery 1 , which is also called a 
lithium secondary battery, employs a polyeleclrolyte, 
generates current by the agency of the migration of lith- 
ium ions and has positive and negative electrodes con- 
taining high polymers as active substances. 
[0034] The polymer battery module 2 of the lithium 
secondary battery 1 includes a cell part (energy storage 
part) 3, and tabs (electrodes) 4. The cell part 3 includes 
a positive electrode collector (aluminum or nickel), a 
positive electrode active substance layer (metal oxide, 
carbon black, a metal sulfide, an electrolytic solution or 
a polymer for forming a positive electrode, such as poly- 
acrylonitrile), an electrolytic layer (a carbonate electro- 
lytic solution of propylene carbonate, ethylene carbon- 
ate, dimethyl carbonate or ethylene methyl carbonate, 
an inorganic solid electrolyte of a lithium salt or a gelled 
electrolyte), a negative electrode active layer (lithium, 
an alloy, carbon, an electrolytic solution or a polymer for 
a negative electrode, such as polyacrylonitrile) and a 
negative electrode collector (copper, nickel, a stainless 
steel). 

[0035] As shown in Figs. 2(b) and 2(c), two package 
bodies 5a may be joined together instead of covering 
one package body 5a with the cover 5t. The entire flang- 
es of the joined package bodies 5a may be bonded to- 
gether by heat-sealing as shown in Fig. 2(b) or three 
parts of the flange of the package body 5a extending 
along the three sides of the package body 5a may be 
bonded to those of the other package body 5a by heat- 
sealing as shown in Fig. 2(c). 

[0036] It is desirable that the side walls 8 of the pack- 
age body 5a rise as upright as possible relative to the 
bottom wall as shown in Fig. 2(e) in order that the poly- 
mer battery module 2 can be closely contained in the 
package body 5a. Therefore, the packaging laminated 
sheet must have sufficient ductility, i.e., formability, suit- 
able for forming. 

[0037] When the packaging laminated sheet is a 
structure: nylon layer/adhesive layer/aluminum layer/ 
adhesive layer/cast polypropylene layer, and the adhe- 
sive layers are formed by a dry lamination method, it 



often occurs that parts of the aluminum layer and the 
base layer forming the side walls are separated by dela- 
mination when the packaging laminated sheet is sub- 
jected to an embossing process and, sometimes, parts 

5 of the packaging laminated sheet forming peripheral 
parts of the package are delaminated when the same 
peripheral parts are subjected to heat-sealing after 
putting the polymer battery module in the package. 
Sometimes, the inner surface of the aluminum foil is cor- 

10 roded by hydrogen fluoride produced by the interaction 
of the electrolyte of the polymer battery module and 
moisture and the packaging laminated sheet is delami- 
nated. 

[0038] The inventors of the present invention made 
is earnest studies to develop a packaging laminated 
sheet, i.e., a polymer battery module packaging sheet, 
that will not be delaminated by embossing and heat- 
sealing and has satisfactory properties required of bat- 
tery module packaging sheets for packaging a polymer 
20 battery, including chemical resistance to the detrimental 
effects of a polymer battery module, found that the fore- 
going problems can be solved by employing an alumi- 
num foil having both the surfaces finished by chemical 
conversion treatment and have made the present inven- 
ts tion. As shown in Fig. 1 , the packaging laminated sheet 
10, i.e., a polymer battery module packaging sheet, ac- 
cording to the present invention includes, at least, a 
base layer 61 , an adhesive layer 65a, an aluminum foil 
(aluminum layer) 62 having surfaces coated with chem- 
30 jcal conversion coatings (additional chemically convert- 
ed layers) 64a and 64b formed by subjecting the oppo- 
site surfaces of the aluminum foil 62 to chemical con- 
version treatment, an adhesive layer 65b and a heat- 
sealable resin layer (innermost layer) 63. The packaging 
35 laminated sheet 1 0 is featured by the chemical conver- 
sion coatings formed by subjecting the aluminum foil 62 
to chemical conversion treatment. 
[0039] Preferably the base layer 61 of the polymer 
battery module packaging sheet of the present invention 
*o is a polyester or nylon film. Possible polyester resins are 
PE terephthalate (PET) resins, polybutyfeneterephtha- 
late (PBT) resins, PE naphthalate (PEN) resins, poly- 
butylene naphthalate (PBN) resins, interpolyester res- 
ins, polycarbonate (PC) resins and the like. Possible ny- 
45 ion resins are nylon 6, nylon 66, copolymers of nylon 6 
and nylon 66, nylon 610, polymethaxylilene adipamide 
(MXD6) and the like. 

[0040] When the polymer battery is used on a piece 
of hardware, the base layer 61 comes into direct contact 

50 with the piece of hardware. Therefore, it is basically de- 
sirable to form the base layer 61 of an intrinsically insu- 
lating resin. Since a film forming the base layer 61 has 
pinholes and pinholes will be formed in the film during 
processing, the thickness of the base layer 61 must be 

55 6 urn or above, preferably, in the range of 1 2 to 25 urn. 
The base layer 61 may be a laminated film in view of 
providing the base layer 61 with pinhole resistance and 
improved insulating ability. 
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[0041] A laminated film for the base layer 61 includes 
at least one resin layer consisting of two or more layers 
each having a thickness of 6 yun or above, preferably, 
in the range of 12 50 25 urn. The following laminated 
structures 1) to 7), not shown, are examples of the lam- 
inated base layer 61. 

1) PET resin layer/Nylon layer 

2) Nylon layer/PET resin layer 

To improve the mechanical aptitude (stability 
when passed through processing machines and a 
packaging machine) and surface protecting ability 
(heat resistance and electrolyte resistance) of the 
packaging sheet and to reduce friction between a 
die and the base layer when forming the embossed 
package body, the base layer 1 1 may consist of plu- 
ral layers and the surface of the base layer 1 1 may 
be coated with a fluorocarbon resin, an acrylic resin 
or a silicone resin. The base layer 11 may be any 
one of the following laminated films. 

3) Fluorocarbon resin layer/PET resin layer(the 
fluorocarbon resin layer may be a fluorocarbon res- 
in film or a film formed by spreading a liquid fluoro- 
carbon resin in a film and drying the same.) 

4) Silicone resin layer/PET resin layer (the silicone 
resin layer may be a silicone resin film or a film 
formed by spreading a liquid silicone resin in a film 
and drying the same.) 

5) Fluorocarbon resin layer/PET resin layer/Nylon 
layer (the fluorocarbon resin layer may be a fluoro- 
carbon resin film or a film formed by spreading a 
liquid fluorocarbon resin in a film and drying the 
same.) 

6) Silicone resin layer/PET resin layer/Nylon layer 

7) Acrylic resin layer/Nylon layer (the acrylic resin 
layer may be an acrylic resin film or a film formed 
by spreading an acrylic resin and drying the same.) 

[0042] The base layer 61 is laminated to the aluminum 
foil 62 by a dry lamination method, an extrusion lamina- 
tion method or any suitable method. 
[0043] The aluminum foil 62, which will be also re- 
ferred to as a barrier layer 62, of the polymer battery 
module packaging sheet prevents the penetration of 
moisture into the polymer battery. To avoid the adverse 
effect of pinholes that may be formed in the barrier layer 
62, to stabilize the workability (ease of fabricating 
pouches or embossing) and to provide the barrier layer 
62 with pinhole resistance, the barrier layer 62 has a 
thickness of 15 u,m or above and is formed from a metal 
foil, such as an aluminum foil or a nickel foil, or a film 
coated with an inorganic compound, such as silicon di- 
oxide or alumina, by evaporation. Preferably, the barrier 
layer 62 is an aluminum foil of a thickness in the range 
of 20 to 80 urn 

[0044] The inventors of the present invention made 
studies to reduce pinholes and to-prevent the cracking 
of an embossed package and found that aluminum hav- 



ing an iron content in the range of 0.3 to 9.0% by weight , 
preferably, 0.7 to 2.0% by weight is more satisfactory in 
ductility than aluminum not containing any iron, an alu- 
minum foil (barrier layer 62) of such aluminum is less 
5 subject to the formation of pinholes when the packaging 
laminated sheet is bent and is more capable of facilitat- 
ing forming the side walls of the embossed package 
than an aluminum foil of aluminum not containing any 
iron. Aluminum foils of aluminum having an iron content 
10 less than 0.3% by weight are not satisfactorily pinhole- 
resistant and do not improve the formability of the pack- 
aging laminated sheet. Aluminum foils of aluminum hav- 
ing an iron content exceeding 0.9% by weight are un- 
satisfactory in flexibility and affect adversely to the work- 
is ability of the packaging laminated sheet in forming a 
pouch. 

[0045] The flexibility, stiffness and hardness of an alu- 
minum foil formed by cold rolling are dependent on an- 
nealing conditions. The present invention prefers rather 

so soft, slightly or completely annealed aluminum foils to 
those treated by a hardening process and not annealed. 
[0046] Annealing conditions that affect the flexibility, 
stiffness and hardness of aluminum foils may be prop- 
erly determined according to the required workability 

25 (ease of forming pouches or embossed packages) of the 
packaging laminated sheet. For example, to prevent the 
formation of creases or pinholes in making a package 
by an embossing process, a soft aluminum foil properly 
annealed according to the degree of forming may be 

30 used. 

[0047] The inventors of the present invention found 
that the separation of the aluminum foil 62 and the base 
layer 61 during an embossing process can be effectively 
prevented, the dissolution and corrosion of the surfaces 

35 of the aluminum foil, particularly, aluminum oxide films 
coating the aluminum foil, by hydrogen fluoride pro- 
duced by the interaction of the electrolyte of the polymer 
battery and moisture can be effectively prevented and 
the adhesion of the aluminum foil 62 to the innermost 

<to layer 63 can be stabilized by forming the chemical con- 
version coatings 64a and 64b, i.e., acid-resistant layers 
64a and 64b, on the surface of the aluminum foil 62 by 
chemical conversion treatment using a phosphate, a 
chromate, a fluoride or a triazine thiol compound. 

45 [0048] It was found through the examination of vari- 
ous chemical conversion treatment methods that a 
phosphate treatment method using trivalenl chromium 
phosphate has remarkable effect. 
[0049] The aluminum foil 62 having the surfaces coat- 

50 ed with the chemical conversion coatings 64a and 64b 
of the polymer battery module packaging sheet is lami- 
nated to the innermost layer 63 by a dry lamination 
method. 

[0050] Parts of the innermost layer 63 of the polymer 
55 battery module packaging sheet can be bonded togeth- 
er by heat-sealing. Desirably, the innermost layer 63 is 
a film of a material having necessary properties includ- 
ing a heat-resistant property a moistureproof property 
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and press-formability, such as a cast PP resin film, or a 
material excellent in low -temperature resistance and im- 
pact resistance and having a melting point not lower 
than 115 °C, such as a linear low-density PE resin (here- 
inafter referred to as "LLDPE resin"), a medium-density 
PE resin (hereinafter referred to as "MDPE resin")or a 
high-density PE resin (hereinafter referred to as HDPE 
resin"). 

[0051] The packaging laminated sheet 10, i.e., the 
polymer battery module packaging sheet, may be pro- 
vided, in addition to the base layer 61 , the barrier layer 
62 and the innermost layer 63, an intermediate layer 
sandwiched between the barrier layer 62 and the inner- 
most layer 63. The intermediate layer is employed to en- 
hance the strength of the packaging laminated sheet 1 0 
and to improve and stabilize the barrier property of the 
packaging laminated sheet. 

[0052] The base layer 6 1 , the barrier layer 62 and the 
innermost layer 63, i.e., a cast PP resin film, are lami- 
nated to form the packaging laminated sheet 10. The 
aluminum foil 62, i.e., the barrier layer 62 : is subjected 
to chemical conversion treatment before lamination to 
form the chemical conversion coatings 64a and 64b on 
the surfaces of the aluminum foil 62. The opposite sur- 
faces of the aluminum foil 62 is subjected individually to 
chemical conversion treatment. Chemical conversion 
treatment using chromium phosphate applies a chromi- 
um phosphate solution to a surface of the aluminum foil 
by a roll coating method or the like and heats the alumi- 
num foil at a surface temperature in the range of 1 70 to 
200 °C to form the acid-resistant layer 64a on the sur- 
face of the aluminum foil 62. 

[0053] The base layer 61 is bonded to the surface pro- 
vided with the acid-resistant layer 64a of the aluminum 
foil 62, and the innermost layer 63, i.e., a heat-sealable 
resin layer 63, is laminated to the other surface provided 
with the acid-resistant layer 64a of the aluminum foil 62 
to provide the packaging laminated sheet 10. Those lay- 
ers may be laminated to the aluminum foil 62 by an ex- 
trusion lamination method, a dry lamination method or 
a hot lamination method. A dry lamination method is 
most preferable from the viewpoint of productivity and 
providing chemical resistance to the detrimental effect 
of the battery module to be contained in a package 
formed from the packaging laminated sheet 10. 
[0054] Adhesives suitable for forming the adhesive 
layers 65a and 65b or the packaging laminated sheet 
10 include polyester adhesives, polyethylene imine ad- 
hesives, polyether adhesives, potyether urethane adhe- 
sives, polyester urethane adhesives and epoxy adhe- 
sives. Polyether urethane adhesives and polyester ure- 
thane adhesives are particularly preferable. 
[0055] The package body 5a can be made by subject- 
ing the packaging laminated sheet 10 to an embossing 
process using a male mold 21 and a female mold 22 as 
shown in Fig. 3(a). The package body 5a may be of a 
one-side pressed type or a two-side pressed type. The 
one-side pressed type needs deeper pressing. 



[0056] A cast PP resin film is a desirable as the inner- 
most layer 63 of the packaging laminated sheet 1 0. The 
cast PP resin film has properties suitable for heat-seal- 
ing, protective physical properties, such as a moisture- 
5 proof property and heat resistance, required of the in- 
nermost layer 63 of the packaging laminated sheet 10 
and satisfactory workability for lamination and emboss- 
ing. However, the cast PP resin film cannot be bonded 
to a metal member by heat-sealing. Therefore, when 
*o bonding the tabs 4 of the polymer battery 1 to the pack- 
aging laminated sheets 1 0, adhesive films 6 that can be 
bonded to both a metal member and a cast PP resin film 
by heat-sealing is interposed between the tabs 4 and 
the innermost layers 63 of the packaging laminated 
'5 sheets 1 0 as shown in Figs. 4(a), 4(b) and4(c) to ensure 
that gaps between the tables 4 and the innermost layers 
63 are sealed . The adhesive films 6 may be wound 
round predetermined parts of the tabs 4 as shown in 
Figs. 4(d), 4(e) and 4(f). 

20 

Examples 

[0057] Examples of the packaging laminated sheet 10 
in the first embodiment will be described hereinafter 
25 [0058] A 25 m thick nylon film, a 40 m thick aluminum 
foil and a 30 m thick cast PP resin film were used as the 
base layers 61 , the barrier layers 62 and the innermost 
layers 63, respectively, of both packaging laminated 
sheets in examples and comparative examples: 
30 [0059] The chemical conversion treatment used an 
aqueous solution of a phenolic resin, a chromium fluo- 
ride compound and phosphoric acid as a processing liq- 
uid. The processing liquid was applied to the surface of 
the aluminum foil by a roll coating method in a film, and 
35 the film was baked at 1 80 °C or above. The weight per 
unit area of the film was 10 mg/m 2 (dry weight). 
[0060] An unsaturated carboxylic acid graft random 
propylene film of 50 urn in thickness was used for form- 
ing the adhesive films 6 to seal gaps around the tabs 4. 
-to The adhesive films 6 were wound round parts of the tabs 
4, the tabs 4 were sandwiched between the packaging 
laminated sheets and the packaging laminated sheets 
and the tabs 4 were bonded together by heat-sealing, 

4 5 Example 1-1 

[0061] Both the surfaces of an aluminum foil 62 were 
processed by chemical conversion treatment to form 
chemical conversion coatings 64a and 64B. A base lay- 
50 er61 was bonded to the surface provided with the chem- 
ical conversion coating 64a of the aluminum foil 62 by 
a dry lamination method, and the innermost layer 63, i. 
e., a cast PP resin film, was bonded to the other chem- 
ical conversion coating 64b by a dry lamination method 
55 to form a packaging laminated sheet in Example 1-1 . 
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Forming and Packaging 

[0062] A package was formed by embossing the 
packaging laminated sheet in Example 1-1, a polymer 
battery module 2 was packaged in the package to com- 
plete a polymer battery. The polymer battery was tested. 

Comparative Example 1 -1 

[0063] A packaging laminated sheet in Comparative 
example 1-1 was formed under the same conditions as 
those under which the packaging laminated sheet in Ex- 
ample 1 -1 was formed, except that an aluminum foil 62 
included in the packaging laminated sheet in Compara- 
tive example 1-1 was not processed by chemical con- 
version treatment. 

Method of Evaluation 

1) Delamination during Forming Process 

[0064] Samples were inspected for the separation of 
the base layer 61 and the aluminum foil 62 immediately 
after forming. 

2) Chemical Resistance Test 

[0065] Samples were inspected for the separation of 
the aluminum foil 62 and the innermost resin film 63, i. 
e., a cast PP resin film, after keeping the samples in an 
atmosphere of 60 °C and 90% RH in a thermostat for 
seven days. 

3) Delamination during Heat-sealing Process 

[0066] Samples were inspected for the separation of 
the base layer 61 and the aluminum foil 62 immediately 
after heat-sealing. 

Results 

[0067] No problem arose in the packaging laminated 
sheet in Example 1-1 during forming and heat-sealing, 
and the base layer 61 and the aluminum foil 62 were not 
separated, Forty-five samples among hundred sample 
packaging laminated sheets in Comparative example 
1-1 were delaminated by heat-sealing. All the hundred 
sample packaging laminated sheets in Comparative ex- 
ample 1 -1 were delaminated by the chemical resistance 
test. 

[0068] The chemical conversion treatment of the op- 
posite surfaces of the aluminum foil prevents the sepa- 
ration of the base layer and the aluminum foil during an 
embossing process and heat-sealing. The separation of 
the aluminum foil and the innermost layer can be pre- 
vented because the surfaces of the aluminum foil are 
not corroded by hydrogen fluoride that may be produced 
by interaction between the electrolyte of the polymer 



battery module and moisture. 

Second Embodiment 

5 [0069] A polymer battery module packaging sheet in 
a second embodiment according to the present inven- 
tion is a moistureproof, packaging laminated sheet re- 
sistant to chemicals, capable of being manufactured at 
a high productivity and resistant to cracking when sub- 
to jected to a heat-sealing process. The polymer battery 
module packaging sheet and a method of manufactur- 
ing the same will be described. 
[0070] Fig. 5(a) is a sectional view of a packaging lam- 
inated sheet formed by an extrusion lamination process, 
^5 Fig. 5(b) is a sectional view of a packaging laminated 
sheet formed by a sandwich lamination process, Fig. 5 
(c) is a sectional view of a packaging laminated sheet 
formed by a coextrusion lamination process, Fig. 5(d) is 
an enlarged view of a part Y 2 in Fig. 5(b), Fig. 5(f) is an 
20 enlarged view of a part Y 1 in Fig. 5(a) and Fig. 5(f) is an 
enlarged view of a part Y 3 in Fig. 5(c). Fig. 6 is a per- 
spective view of assistance in explaining a heat-sealed 
pouch for a polymer battery. Figs. 7(a) to 7(e) are per- 
spective views of assistance in explaining an embossed 
25 package. Fig. 8(a) is a perspective view of assistance 
in explaining an embossing process for forming an em- 
bossed package, Fig. 8(b) is a perspective view of em- 
bossed package body, Fig. 8(c) is a sectional view taken 
on line X-X in Fig. 8(b) and Fig. 8(d) is an enlarged view 
30 of a part Y in Fig. 8(c). Fig. 9 is a diagrammatic view of 
assistance in explaining a sandwich lamination process 
for manufacturing a polymer battery module packaging 
sheet. Fig. 10 is a diagrammatic view of assistance in 
explaining a coextrusion lamination process for manu- 
35 facturing a polymer battery module packaging sheet. 
[0071] The inventors of the present invention made 
earnest studies to develop a packaging laminated 
sheet, i.e., a polymer battery module packaging sheet, 
that will not be delaminated by embossing and heat- 
40 sealing and has satisfactory chemical resistance to the 
detrimental effects of a polymer battery module, have 
found that a packaging laminated sheet having compo- 
nent layers firmly bonded together can be formed by em- 
ploying an aluminum foil having both the surfaces fin- 
•*5 ished by chemical conversion treatment, bonding a 
base layer to one of the surfaces of the aluminum foil by 
a dry lamination process, bonding a PE resin film to the 
other surface of the aluminum foil by an extrusion lam- 
ination process, a sandwich lamination process or aco- 
50 extrusion lamination process, processing a surface on 
the side of the aluminum foil of a heat-sealable resin 
layer or a bonding layer by ozone treatment and heating 
the packaging laminated sheet. According to the 
present invention, both the bonding layer and the heat- 
55 sealable resin layer are PE resins. The polymer battery 
module packaging sheet of the present invention is ex- 
cellent in workability, can be manufactured by using 
comparatively in expensive materials and has satisfac- 
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tory properties. 

[0072] Referring to Fig. 5(a) a packaging laminated 
sheet 10, i.e., a polymer battery module packaging 
sheet, in a second embodiment according to the present 
invention includes at least a base layer 11, a bonding 
layer 16, an aluminum foil (aluminum layer) 12 having 
surfaces coated with chemical conversion coatings 1 5a 
and 15b, and a heat-sealable resin layer 14. A packag- 
ing laminated sheet 10 in the second embodiment may 
include, as shown in Fig. 5(b), a base layer 1 1 , a bonding 
layer 16, an aluminum foil 12 having surfaces coated 
with chemical conversion coatings 15a and 15b, an ad- 
hesive resin layer 13 of an adhesive resin and a heat- 
sealable resin layer 14. The heat-sealable resin layer 
14 is an innermost layer forming an innermost layer by 
itself or together with the adhesive resin layer 13. 
[0073] A first method of manufacturing the packaging 
laminated sheet 10 shown in Fig. 5(a) forms the chem- 
ical conversion coalings 15a and 15b on the opposite 
surfaces of the aluminum foil (barrier layer) 1 2 and forms 
the heat-sealable resin layer 14 by directly extruding a 
molten resin film on the chemical conversion coating 
1 5b formed on the inner surface of the aluminum foil 1 2. 
A surface of the molten resin film forming the heat-scal- 
able resin layer 14 on the side of the aluminum foil 12 
is processed by ozone treatment to form an ozonated 
surface 17. The packaging laminated sheet 10 thus 
formed is heated at a temperature not lower than the 
softening point of the resin forming the heat-sealable 
resin layer 14. The heat-sealable resin layer 14 may be 
formed of a LLDPE resin or a MDPE resin. 
[0074] A second method of manufacturing the pack- 
aging laminated sheet 10 shown in Fig. 5(b) forms the 
chemical conversion coatings 15a and 15b on the op- 
posite surfaces of the aluminum foil (barrier layer) 12, 
bonds a heat-sealable film for the heat-sealable resin 
layer 1 4 to the chemical conversion coating 1 5b formed 
on the inner surface of the aluminum foil 12 with the ad- 
hesive resin layer 13 by a sandwich lamination method. 
A surface of a molten adhesive resin film for the adhe- 
sive resin layer 13 on the side of the aluminum foil 12 is 
processed by ozone treatment to form the ozonated sur- 
face 1 7. The packaging laminated sheet 1 0 thus formed 
is heated at a temperature not lower than the softening 
point of the adhesive resin layer 13. The adhesive resin 
layer 13 may be formed of a LLDPE resin or a MDPE 
resin, 

[0075] A third method of manufacturing the packaging 
laminated sheet 10 shown in Fig. 5(c) forms chemical 
conversion coatings 15a and 15b on the opposite sur- 
faces of an aluminum foil (barrier layer) 12, bonds a 
heat-sealabic film for a heat-sealable resin layer 14 to 
the chemical conversion coating 15b formed on the in- 
ner surface of the aluminum foil 1 2 with an adhesive res- 
in layer 13 by extruding a molten adhesive resin film for 
the adhesive resin layer 13 and a molten resin film for 
the heat-sealable resin layer 14 by a coextrusion lami- 
nation method. A surface of the molten adhesive resin 



film for the adhesive resin layer 13 on the side of the 
aluminum foil 12 is processed by ozone treatment to 
form the ozonated surface 1 7. The packaging laminated 
sheet 1 0 thus formed is heated at a temperature not low- 
5 er than the softening point of the adhesive resin layer 
13, The adhesive resin layer 13 may be formed of a 
LLDPE resin or a MDPE resin. 
[0076] The packaging laminated sheet 10 may be 
heated during a lamination process. The first method of 
io manufacturing the packaging laminated sheet 1 0 shown 
in Fig. 5(a) forms the chemical conversion coatings 15a 
and 15b on the opposite surfaces of the aluminum foil 
12, heats the chemical conversion coating 15b at a tem- 
perature not lower than the softening point of the resin 
'5 forming the heat-sealable resin layer 14 and extrudes 
the resin for forming the heat-sealable resin layer 14 in 
a film on the surface of the heated chemical conversion 
coating 15b, and processes the surface of the molten 
resin film for the heat-sealable resin layer 1 4 on the side 
*> of the aluminum foil 12 by ozone treatment. The heat- 
sealable resin layer 14 may be formed of a LLDPE resin 
or a MDPE resin. 

[0077] The second method of manufacturing the 
packaging laminated sheet 10 shown in Fig. 5(b) forms 
25 the chemical conversion coatings 15a and 15b on the 
opposite surfaces of the aluminum foil 12, heats the 
chemical conversion coating 15b at a temperature not 
lower than the softening point of the adhesive resin 
forming the adhesive resin layer 13 and extrudes the 
30 adhesive resin for forming the adhesive resin layer 13 
in a film on the surface of the heated chemical conver- 
sion coating 15b to bond a film for the heat-sealable res- 
in layer 14 to the aluminum foil by sandwich lamination, 
and processes the surface of the molten adhesive resin 
35 film for adhesive resin layer 13 on the side of the alumi- 
num foil 12 by ozone treatment. The adhesive resin lay- 
er 1 3 may be formed of a LLDPE resin or a MDPE resin. 
[0078] Referring to Fig. 9, when manufacturing the 
packaging laminated sheet 10 shown in Fig. 5(b), a lam- 
*o inated film formed by bonding together the base layer 
11 and the aluminum foil 12 is unwound from a laminat- 
ed film roll 37a, a heat-sealable film is unwound from a 
heat-sealable film roll 36, the laminated film and the 
heat-sealable film are joined and pressed together be- 
« tween a chill roller 34 and a pressure roller 35, and a 
molten resin film 33 is extruded between the laminated 
film and the heat-sealable film through a die 32 by an 
extruder 31 and ozone is blown against a surface of the 
molten resin film 33 on the side of the aluminum foil 12 
50 through an ozone blowing head 51 by an ozonating de- 
vice 50. The packaging laminated sheet 10 thus formed 
is rolled in a packaging laminated sheet roll 37. 
[0079] The third method of manufacturing the pack- 
aging laminated sheet 10 shown in Fig. 5(c) forms the 
55 chemical conversion coatings 15a and 15b on the op- 
posite surfaces of the aluminum foil 1 2, heats the chem- 
ical conversion coating 15b at a temperature not lower 
than the softening point of the adhesive resin forming 
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the adhesive resin layer 13 and exlrudes an adhesive 
resin film for the adhesive resin layer 13 and a heat- 
sealable resin film for the heat-sealable resin layer 14 
on the surface of the heated chemical conversion coat- 
ing 1 5b by coextrusion to bond the heat-sealable film for 
the heat-sealable resin layer 1 4 to the aluminum foil, and 
processes the surface of the molten adhesive resin film 
for adhesive resin layer 13 on the side of the aluminum 
foil 12 by ozone treatment. The adhesive resin layer 13 
may be formed of a LLDPE resin or a MDPE resin. 
[0080] Referring to Fig. 10, when manufacturing the 
packaging laminated sheet 1 0 shown in Fig. 5(c), a lam- 
inated film formed by bonding together the base layer 
1 1 and the aluminum foil 1 2 is unwound from a laminat- 
ed film roll 46a, a molten resin film 43 consisting of an 
adhesive resin film for the adhesive resin layer 13 and 
a heat-sealable film for the heat-sealable resin layer 14 
is extruded through a die 42 by extruders 41 a and 41 b 
onto a surface of the laminated film of the base layer 1 1 
and the aluminum foil 12, and ozone is blown against a 
surface of the molten resin film 43 on the side of the 
aluminum foil 12 through an ozone blowing head 51 by 
an ozonating device 50. The packaging laminated sheet 
1 0 thus formed is rolled in a packaging laminated sheet 
roll 46. 

[0081] An ozone treatment method employed by the 
present invention blows ozone generated by an ozone 
generator against the surface of the molten resin film. 
Thus a surface processed by ozone treatment of the res- 
in film on the side of the aluminum foil 12 is polarized, 
which improves the adhesive strength between the 
chemical conversion coating 15b formed on the alumi- 
num foil 12, and the heat-sealable resin layer 14 or the 
adhesive resin layer 13. The extruded resin film can be 
firmly bonded to the chemical conversion coating by 
forming the molten resin film while the aluminum foil 12 
is heated or by heating the aluminum foil 12 after forming 
the molten resin film on the aluminum foil 12. 
[0082] The present invention employs an ozone gen- 
erator that generates an ozone gas of an ozone concen- 
tration in the range of 0.6 to 10 g/m 3 at an ozone gen- 
erating rate in the range of 2 to 20 l/min. An ozone gas 
of an ozone concentration of 400 g/m 3 or below is blown 
against the resin film. 

[0083] The packaging laminated sheet 10 is heated 
for postheating at a temperature not lower than the sof- 
tening point of the resin forming the mollen resin film 
extruded onto the chemical conversion coating. 
[0084] The packaging laminated sheet 1 0 is heated 
for preheating so that the surface facing the molten resin 
film of the chemical conversion coating is heated at a 
temperature not lower than the softening point of the 
resin forming the molten resin film. 
[0085] The package body 5a for containing the poly- 
mer battery module 2, and the cover 5t are formed from 
the packaging laminated sheet, i.e., the polymer battery 
module packaging sheet. A pouch as shown in Fig. 6 or 
an embossed package as shown in Fig. 7(a), 7(b) or 7 



(c) is used for packaging the polymer battery module 2. 
The pouch may be a pillow-type pouch as shown in Fig. 
6, a three-sided seal pouch or a four-sided seal pouch. 
[0086] The embossed package may be such as hav- 
5 ing a package body 5a having a hollow part 7 as shown 
in Fig. 7(a), such as formed by joining together two pack- 
age bodies 5a each having a hollow part 7 and a flange 
and bonding together the corresponding four sides of 
the flanges as shown in Fig. 7(b) after putting a polymer 
battery module therein or such as formed by joining to- 
gether two package bodies 5a each having a hollow part 
7 and a flange and bonding together the corresponding 
three sides of the flanges as shown in Fig. 7(c) after 
putting a polymer battery module 2 therein. 
[0087] Materials of the component layers of the pack- 
aging laminated sheet 10 according to the present in- 
vention and a method of laminating the component lay- 
ers will be described hereinafter. 
[0088] The base layer 11 of the packaging laminated 
sheet according to the present invention is a film of an 
oriented polyester resin or an oriented nylon resin. Pos- 
sible polyester resins are PET resins, PBT resins, PEN 
resins, interpolyester resins, PC resins and the like. 
Possible nylons, i.e., polyamido resins, are nylon 6, ny- 
lon 66, copolymers of nylon 6 and nylon 66, nylon 610, 
polymethaxylilene adipamide (MXD6) and the like. 
[0089] When the polymer battery is used on a device 
(hardware), the base layer 11 touches the device. 
Therefore, it is desirable to form the base layer 11 of an 
intrinsically insulating resin. Since a film forming the 
base layer 11 has pinholes and pinholes will be formed 
in the film during processing, the thickness of the base 
layer 11 must be 6 ujti or above. Preferably, the thick- 
ness of the base layer 11 is in the range of 12 to 25 \m\. 
[0090] The base layer 11 may be a laminated film in 
view of providing the base layer 11 with a high pinhole- 
resistant property and an improved insulating ability. 
[0091 ] Preferably, the base layer 1 1 includes at least 
one resin layer consisting of two or more layers each 
having a thickness of 6 urn or above, preferably, in the 
range of 1 2 to 25 u.m. The following laminated structures 
1) to 7) are examples of the laminated base layer 11 . 

1) Oriented PET resin layer/Oriented nylon layer 

2) Oriented nylon layer/Oriented PET layer 
To improve the mechanical aptitude (stability 

when passed through processing machines and a 
packaging machine) and surface protecting ability 
(heat resistance and electrolyte resistance) of the 
packaging sheet and to reduce friction between a 
die and the base layer 11 when forming the em- 
bossed package body, it is preferable that the base 
layer 11 consists of plural layers and the surface of 
the base layer 11 is coated with a coating of a fluor- 
ocarbon resin, an acrylic resin, a silicone resin or a 
polyester resin. The base layer 1 1 may be any one 
of the following laminated films. 

3) Fluorocarbon resin layer/Oriented PET resin lay- 
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er (the fluorocarbon resin layer may be a fluprocar- 
bon resin film or a film formed by spreading a liquid 
fluorocarbon resin in a film and drying the same.) 

4) Silicone resin layer/Oriented PET resin layer (the 
silicone resin layer may be a silicone resin film or a s 
film formed by spreading a liquid silicone resin in a 
film and drying the same.) 

5) Fluorocarbon resin layer/Oriented PET resin lay- 
er/Oriented nylon layer 

6) Silicone resin layer/Oriented PET resin layer/Oh- 10 
ented nylon layer 

7) Acrylic resin layer/Oriented nylon layer (the acryl- 
ic resin layer may be an acrylic resin film or a film 
formed by spreading an acrylic resin and drying the 
same.) 15 

[0092] The barrier layer (aluminum layer) 1 2 prevents 
the penetration of moisture into the polymer battery. To 
avoid the adverse effecl of pinholes thai may be formed 
in the barrier layer 12, to stabilize the workability (ease 20 
of fabricating pouches or embossing) and to provide the 
barrier layer 1 2 with pinhole resistance, the barrier layer 
1 2 has a thickness of 1 5 urn or above and is formed from 
a foil of a metal, such as aluminum or nickel, or a film 
coated with an inorganic compound, such as silicon di- 25 
oxide or alumina, by evaporation. Preferably, the barrier 
layer 12 is an aluminum foil of a thickness in the range 
of 20 to 80 urn. 

[0093] The inventors of the present invention made 
studies to reduce pinholes and to prevent the cracking 30 
of an embossed battery package and found that an alu- 
minum having an iron content in the range of 0.3 to 9.0% 
by weight, preferably, in the range of 0.7 to 2.0% by 
weight is more satisfactory in ductility than aluminum not 
containing any iron, and an aluminum foil of such alu- 35 
minum is less subject to the formation of pinholes when 
a laminated sheet including the aluminum foil of such 
aluminum is folded and is more capable of facilitating 
forming walls of an embossed battery package than an 
aluminum foil of aluminum not containing any iron. Alu- 40 
minum having an iron content less than 0.3% by weight 
is unable to form a satisfactorily pinhole-resistant foil 
and does not have improved formability. Aluminum hav- 
ing an iron content exceeding 9.0% by weight is unsat- 
isfactory in flexibility and affects adversely to the work- « 
ability ol the laminated sheet in forming a pouch. 
[0094] The flexibilily, stiffness and hardness of an alu- 
minum foil formed by cold rolling are dependent on an- 
nealing conditions. The present invention prefers rather 
soft, slightly or completely annealed aluminum foils to so 
those treated by a hardening process and not annealed. 
[0095] Annealing conditions that affect the flexibility, 
stiffness and hardness of aluminum foils may be prop- 
erly determined according to the required workability 
(ease of forming pouches or embossed packages) of the 55 
packaging laminated sheet. For example, to prevent the 
formation of creases or pinholes in making a package 
by an embossing process, a soft aluminum foil properly 



annealed according to the degree of embossing may be 
used. 

[0096] The inventors of the present invention found 
through studies that a satisfactory packaging laminated 
sheet can be formed by using an aluminum foil having 
opposite surfaces coated with the chemical conversion 
coatings 15a and 15b formed by chemical conversion 
treatment as the barrier layer 12. The chemical conver- 
sion treatment forms an acid-resistant film of a phos- 
phate, a chromate, a fluoride or a triazine thiol com- 
pound. Thus the separation of the aluminum foil 12 and 
the base layer 11 during an embossing process can be 
prevented, the dissolution and corrosion of the surfaces 
of the aluminum foil 12, particularly, aluminum oxide 
films coating the aluminum foil, by hydrogen fluoride 
produced by the interaction of the electrolyte of the pol- 
ymer battery module and moisture can be effectively 
prevented, the adhesive property (wettability) of the sur- 
face of ihe aluminum foil 1 2 is improved, the separation 
of the base layer and the aluminum foil can be prevented 
and the separation of the aluminum foil and the inner- 
most layer due to the effect of hydrogen fluoride pro- 
duced by the interaction between the electrolyte and 
moisture can be effectively prevented by the chemical 
conversion treatment of the aluminum foil. 
[0097] It was found through experimental chemical 
conversion treatment using various substances that 
chemical conversion treatment method using a mixture 
of a phenolic resin, trivalent chromium phosphate and 
phosphoric acid has satisfactory effect, 
[0098] When the packaging laminated sheet is intend- 
ed for use for forming pouches, only one surface on the 
side of the innermost layer of the aluminum foil needs 
to be processed by the chemical conversion treatment. 
[0099] When both the surfaces of the aluminum foil 
are coated with the chemical conversion coatings 15a 
and 15b, the separation of the aluminum foil and the 
base layer can be prevented when processing the pack- 
aging laminated sheet to form an embossed package. 
The packaging laminated sheet including the aluminum 
foil having both the surfaces coated with the chemical 
conversion coatings may be used for forming pouches. 
[0100] As mentioned above, when the polymer bat- 
tery module packaging sheet manufacturing method is 
used, the heat-sealable resin layer 14 or the adhesive 
resin layer 13 for bonding the heat-sealable resin layer 
14 to the aluminum foil 12 may be a film of a PE resin. 
[0101] When a film of a PE resin or a PEa resin for 
forming the adhesive resin layer 13 is bonded to the 
chemical conversion coating 1 5b by a sandwich lamina- 
tion process, the adhesion of the film of the PE resin or 
the PEa resin to the chemical conversion coating 1 5b is 
insufficient. If an emulsion of the PEa resin is applied to 
the chemical conversion coating 15b by a roll coating 
method, the emulsion is dried in an emulsion film, the 
emulsion film is baked at a temperature in the range of 
170 to 200 °C and the adhesive resin layer 13 of the 
PEa resin is bonded to the chemical conversion coating 
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15b by a sandwich lamination process, the adhesive 
strength between the chemical conversion coating 1 5b 
and the adhesive resin layer 13 is improved. However 
the emulsion film is baked at a very low baking speed 
and the efficiency of the adhesive resin layer forming 
process is very low. 

[0102] The inventors of the present invention made 
studies to develop a bonding method capable of bond- 
ing the adhesive resin layer 13 and the chemical con- 
version coating 15b with stable adhesive strength and 
have found that a packaging laminated sheet 10 having 
component layers bonded together with desired adhe- 
sive strength can be formed by bonding a base layer 1 1 
to one of the surfaces processed by chemical conver- 
sion treatment of a barrier layer 12 by a dry lamination 
process while the molten resin film is subjected to ozone 
treatment and heating the packaging laminated sheet 
1 0 or by subjecting the molten resin film to ozone treat- 
ment, healing the aluminum foil. 
[0103] The packaging laminated sheet 10 may be 
heated by any one of a contact heating method using a 
hot roller, a hot air heating method using hot air and an 
infrared heating method using near or far infrared rays, 
provided that the adhesive resin can be heated at a tem- 
perature not lower than the softening point thereof. 
[0104] PPa resins and PEa resins are possible resins 
for forming the heat-sealable resin layer 14. The pack- 
aging laminated sheet manufacturing method according 
to the present invention may use PE resins excellent in 
protective performance, workability and heat-seatability. 
Possible PE resins are MDPE resins, low-density PE 
resins (hereinafter referredto as M LDPE resins"), LLDPE 
resins and high-density PE resins (hereinafter referred 
to as "HDPE resins"). Preferably, the first method forms 
the heat-sealable resin layer of a LLDPE resin or a 
MDPE resin. The second and the third method may use 
a MDPE resin or a LLDPE resin as the adhesive resin, 
and may use a LLDPE resin or a MDPE resin for forming 
the heat-sealable resin layer 14 may use a film of a 
LLDPE resin or a MMDPE resin as the heat-sealable 
resin layer 14. 

[0105] Desired physical properties of the LLDPE resin 
are: 



Softening point 


70°C or above 




Melting point 


112°Cor above 




Density 


0.91 or above 




Desired physical properties of the MDPE resin 


Softening point 


80°C or above 




Melting point 


120 °C or above 




Density 


0.92 or above 





[0107] The following are resins or combinations of 
resins for forming the heat-sealable resin layer 14, or 



the adhesive resin layer 13 and the heat-sealable resin 
layer 14. 

Single-film extrusion 

5 

[0108] Heat-seatable resin layer 14: MDPE resin 
[01 09] Adhesive resin layer 1 3 as heat-sealable resin 
layer 

'0 (1) Adhesive resin layer 13 of MDPE resin/Heat- 
sealable resin layer 14 of LLDPE resin 
(2) Adhesive resin layer 13 of MDPE resin/Heat- 
sealable resin layer 14 of MDPE resin 

« [0110] The LLDPE and the MDPE resins may contain, 
as additives, a low-crystalline ethylene-butene copoly- 
mer, a low-crystalline propylene-butene copolymer, a 
terpolymerof ethylene, butene and propylene, silica, ze- 
olite, an antiblocking agent (AB agent), such as acrylic 
20 resin beads, and/or a fatty arnide lubricant. 

[0111] The packaging laminated sheet 10 may have, 
in addition to the base layer 11 , the barrier layer 12, the 
adhesive resin layer 13 and the heat-sealable resin lay- 
er 14 of a PE resin, an intermediate layer of a biaxially 
£5 oriented film of a polyimide resin or a PET resin sand- 
wiched between the barrier layer 12 and the heat-seal- 
able resin layer 14. The intermediate layer is used to 
enhance the strength of the packaging laminated sheet 
to improve and stabilize barrier property and to prevent 
30 short circuit due to contact between the tabs and the 
barrier layer during a heat-sealing process. 
[0112] The component layers of the packaging lami- 
nated sheet 10 may be processed by a surface activat- 
ing treatment, such as a corona discharge treatment, a 
blasting treatment, an oxidation treatment or ozone 
treatment, to improve and stabilize film forming property, 
lamination property, formability (ease of forming pouch- 
es or embossed packages). The packaging laminated 
sheet may be coated with liquid paraffin in a coating 
weight in the range of 2 to 6 g/m 2 . 
[0113] Desirably, the base layer 11 of the packaging 
laminated sheet 1 0 is laminated to the chemical conver- 
sion coating of the barrier layer 12 by a dry lamination 
method. 

[0114] Possible adhesive resins for forming the bond- 
ing layer 16 bonding the base layer 11 to the chemical 
conversion coaling 15a of the barrier layer 12 are poly- 
ester resins, polyethylene imine resins, polyether res- 
ins, cyanoacrylate resins, urethane resins, organic tita- 
nium compounds, polyether-urethane resins, epoxy 
reins, polyester-urethane resins, imide resins, isocy- 
anate resins, polyolefin rosins and silicone resins. 

Examples 

[01 15] Examples of the polymer battery module pack- 
aging sheet in the second embodiment will be de- 
scribed. 
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[0116] The chemical conversion treatment used an 
aqueous solution of a phenolic resin, a trivalent chromi- 
um fluoride compound and phosphoric acid as a 
processing liquid. The processing liquid was applied to 
the surface of the aluminum foil by a roll coating method 5 
in a film, and the film was baked at 180 °C or above. 
The weight per unit area of the film was 10 mg/m 2 (dry 
weight). 

[0117] The following examples and comparative ex- 
amples used an MDPE resin having a softening point of 10 
110 °C and a melting point of 125 °C, and an LLDPE 
resin having a softening point of 98 °C and a melting 
point of 115 °C. 

[0118] The ozone treatment process used a slit noz- 
zle to blow ozone against the entire width of an extruded is 
molten resin film. The ozone treatment was carried out 
under ozonizing conditions (A) and (B). 



Ozonizing condition (A) 
[0119] 

Ozone gas generating rate: 20 l/min 

Ozone concentration (as generated): 10 g/m 3 

Ozone concentration (as used): 400 g/m 3 

Ozonizing condition (B) 

[0120] 



20 



25 



30 



Ozone gas generating rate: 2 l/min 
Ozone concentration (as generated): 0.6 g/m 3 
Ozone concentration (as used): 5 g/m 3 

[0121] Packaging laminated sheets in Examples 2-1 35 
to 2-3 and Comparative examples 2-1 to 2-3 and 2-7 to 
2-9 were subjected to heat-sealing to form 50 mm x 80 
mm pillow type pouches and polymer battery modules 
2 were sealed in the pillow type pouches, respectively. 
[0122] Packaging laminated sheets in Examples 2-4 40 
to 2-6, Comparative examples 2-4 to 2-6 and 2-10 to 
2-11 were subjected to an embossing process to form 
embossed packages each having a hollow part of 30 
mm x 50 mm x 3.5 mm. The formability of the packag- 
ing laminated sheets was evaluated. 45 

Example 2-1 (Pouch) 

[01 23] One of the surfaces of a 20 ujti thick aluminum 
foil was subjected to chemical conversion treatment. A so 
16 urn thick oriented polyester film was laminated to the 
other surface, i.e., the surface not processed by the 
chemical conversion treatment, of the aluminum foil by 
a dry lamination method. A 30 urn thick molten resin film 
of an MDPE resin for forming a heat-sealable resin layer 55 
was extruded onto the surface processed by the chem- 
ical conversion treatment of the aluminum foil while a 
surface thereof to be joined to the aluminum foil was 



processed by ozone trealment to form a heat-sealable 
resin layer. A packaging laminated sheet thus formed 
was heated for postheating at a temperature not lower 
than the softening point of the MDPE resin to obtain a 
packaging laminated sheet in Example 2-1. 

Example 2-2 (Pouch) 

[0124] Both the surfaces of a 20 ujti thick aluminum 
foil were subjected to chemical conversion treatment. A 
1 2 ujti thick oriented polyester film was laminated to one 
of the surfaces of the aluminum foil by a dry lamination 
method. A 30 |im thick molten resin film of an MDPE 
resin for forming a bonding layer was extruded onto the 
other surface processed by the chemical conversion 
treatment of the aluminum foil while a surface thereof to 
be joined to the aluminum foil was processed by ozone 
treatment to form an adhesive resin layer, and a 40 urn 
thick LLDPE resin film was bonded to the aluminum foil 
by the adhesive resin layer by a sandwich lamination 
method. A packaging laminated sheet thus formed was 
heated for postheating at a temperature not lower than 
the softening point of the MDPE resin to obtain a pack- 
aging laminated sheet in Example 2-2. 

Example 2-3 (Pouch) 

[01 25] One of the surfaces of a 20 urn thick aluminum 
foil was subjected to chemical conversion treatment. A 
1 6 um thick oriented polyester film was laminated to the 
other surface not processed by the chemical conversion 
treatment of the aluminum foil by a dry lamination meth- 
od. A 20 um thick film of a molten MDPE resin forforming 
an adhesive resin layer and a 30 ujn thick film of a mol- 
ten LLDPE resin forforming a heat-sealable resin layer 
were coextruded through a coextrusion die onto the sur- 
face processed by the chemical conversion treatment 
of the aluminum foil while a surface to be joined to the 
aluminum foil of the molten resin film of the MDPE resin 
was processed by ozone treatment. A packaging lami- 
nated sheet thus formed was heated for postheating at 
a temperature not lower than the softening point of the 
MDPE resin to obtain a packaging laminated sheet in 
Example 2-3. 

Example 2-4 (Embossed package) 

[0126] Both the surfaces of a 40 u,m thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 ujn thick oriented nylon film was laminated to one of 
the surfaces of the aluminum foil by a dry lamination 
method. A 30 um thick molten resin film of an MDPE 
resin forforming a heat-sealable resin layer was extrud- 
ed onto the other surface of the aluminum foil while a 
surface thereof to be joined to the aluminum foil was 
processed by ozone treatment. A packaging laminated 
sheet thus formed was heated for postheating at a tem- 
perature not lower than the softening point of the MDPE 
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resin to obtain a packaging laminated sheet in Example 
2-4. 

Example 2-5 (Embossed package) 

[0127] Both the surfaces of a 40 urn thick aluminum 
toil were subjected to chemical conversion treatment. A 
25 urn thick oriented nylon film was laminated to one of 
the surfaces of the aluminum foil by a dry lamination 
method. A 20 um thick molten resin film of an MDPE 
resin for forming an adhesive resin layer was extruded 
onto the other surface of the aluminum foil while a sur- 
face thereof to be joined to the aluminum foil was proc- 
essed by ozone treatment to form an adhesive resin lay- 
er, and a 30 um thick film of LLDPE resin for forming a 
heat-sealable resin layer was bonded to the aluminum 
foil by the adhesive resin layer by a sandwich lamination 
method. A packaging laminated sheet thus formed was 
heated for poslhealing at a temperature not lower than 
the softening point of the MDPE resin to obtain a pack- 
aging laminated sheet in Example 2-5. 

Example 2-6 (Embossed package) 

[0128] Both the surfaces of a 40 um thick aluminum 
foil were subjected to chemical conversion treatment. A 
laminated film as a base layer consisting of a 12 um thick 
biaxially oriented polyester film and a 15 am thick biax- 
ially oriented nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method 
with the nylon film in contact with the aluminum foil. A 
20 u.m thick molten resin film of an MDPE resin for form- 
ing an adhesive resin layer and a 30 jim thick molten 
resin film of an LLDPE for forming a heat-sealable resin 
layer were coextruded through a coextrusion die while 
a surface to be joined to the aluminum foil of the molten 
resin film of the MDPE resin was processed by ozone 
treatment. A packaging laminated sheet thus formed 
was heated for postheating at a temperature not lower 
than the softening point of the MDPE resin to obtain a 
packaging laminated sheet in Example 2-6. 

Comparative example 2-1 (Pouch) 

[01 29] One of the surfaces of a 20 um thick aluminum 
foil was subjected to chemical conversion treatment. A 
1 6 urn thick oriented polyester film was laminated to the 
other surface not processed by the chemical conversion 
treatment of the aluminum foil by a dry lamination meth- 
od. A 30 urn thick molten resin film of an MDPE resin for 
forming a heat-sealable resin layer was extruded onto 
the surface processed by the chemical conversion treat- 
ment of the aluminum foil to form a heat-sealable resin 
layer. A packaging laminated sheet thus formed was 
heated for postheating at a temperature not lower than 
the softening point of the MDPE resin to obtain a pack- 
aging laminated sheet in Comparative example 2-1. 



Comparative example 2-2 (Pouch) 

[0130] Both the surfaces of a 20 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
5 12 |im thick oriented polyester film was laminated to one 
of the surfaces of the aluminum foil by a dry lamination 
method. A 30 um thick molten resin film of an MDPE 
resin for forming an adhesive resin layer was extruded 
onto the other surface of the aluminum foil to form an 
io adhesive resin layer, and a 40 urn thick film of LLDPE 
resin was bonded to the aluminum foil by the adhesive 
resin layer by a sandwich lamination method. A pack- 
aging laminated sheet thus formed was heated for post- 
heating at a temperature not lower than the softening 
*5 point of the MDPE resin to obtain a packaging laminated 
sheet in Comparative example 2-2. 

Comparative example 2-3 (Pouch) 

20 [01 31 ] One of the surfaces of a 20 um thick aluminum 
foil was subjected to chemical conversion treatment. A 
16 um thick oriented polyester film was laminated to the 
other surface not processed by the chemical conversion 
treatment of the aluminum foil by a dry lamination metri- 
cs od. A 20 um thick molten resin film of an MDPE resin for 
forming an adhesive resin layer and a 30 um thick mol- 
ten resin film of an LLDPE resin for forming a heat-seal- 
able resin layer were coextruded through a coextrusion 
die onto the surface processed by the chemical conver- 
30 sion treatment of the aluminum foil. A packaging lami- 
nated sheet thus formed was heated for postheating at 
a temperature not lower than the softening point of the 
MDPE resin to obtain a packaging laminated sheet in 
Comparative example 2-3. 

35 

Comparative example 2-4 (Embossed package) 

[0132] One of the surfaces of a 40 urn thick aluminum 
foil was subjected to chemical conversion treatment. A 

40 256 um thick oriented nylon film was laminated to the 
other surface not processed by the chemical conversion 
treatment of the aluminum foil by a dry lamination meth- 
od. A 30 um thick molten resin film of an MDPE resin for 
forming a heat-sealable resin layer was extruded onto 
the surface processed by the chemical conversion treat- 
ment of the aluminum foil. A packaging laminated sheet 
thus formed was healed for poslhealing at a tempera- 
ture not lower than the softening point of the MDPE resin 
to obtain a packaging laminated sheet in Comparative 

so example 2-4. 

Comparative example 2-5 (Embossed package) 

[01 33] One of the surfaces of a 40 um thick aluminum 
55 foil was subjected to chemical conversion treatment. A 
25 urn thick oriented nylon film was laminated to the oth- 
er surface not processed by the chemical conversion 
treatment of the aluminum foil by a dry lamination meth- 
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od. A 20 jim thick molten resin film of an MDPE resin for 
forming an adhesive resin layer was extruded onto the 
surface processed by the chemical conversion treat- 
ment of the aluminum foil and a 30 urn thick film of an 
LLDPE resin for forming a heat-sealable resin layer was 5 
bonded to the aluminum foil by a sandwich lamination 
method. A packaging laminated sheet thus formed was 
heated for postheating at a temperature not lower than 
the softening point of the MDPE resin to obtain a pack- 
aging laminated sheet in Comparative example 2-5. 10 

Comparative example 2-6 (Embossed package) 

[01 34] One of the surfaces of a 40 |im thick aluminum 
foil was subjected to chemical conversion treatment. A 15 
25 u.m thick oriented nylon film was laminated to the oth- 
er surface not processed by the chemical conversion 
treatment of the aluminum foil by a dry lamination meth- 
od. A 20 |i m thick molten resin film of an MDPE resin for 
forming an adhesive resin layer and a 30 ^im thick mol- 20 
ten resin film of an LLDPE resin for forming a heat-seal- 
able resin layer were coextruded through a coextrusion 
die onto the surface processed by the chemical conver- 
sion treatment of the aluminum foil. A packaging lami- 
nated sheet thus formed was heated for postheating at 25 
a temperature not lower than the softening point of the 
MDPE resin to obtain a packaging laminated sheet in 
Comparative example 2-6. 

Comparative example 2-7 (Pouch) 30 

[0135] A packaging laminated sheet in Comparative 
example 2-7 was formed by the same method as that 
by which the packaging laminated sheet in Example 2-1 
was formed, except that the former was not heated for 35 
postheating. 



was formed, except that the former was not heated for 
postheating. 

Comparative example 2-11 (Pouch) 

[0139] A packaging laminated sheet in Comparative 
example 2-11 was formed by the same method as that 
by which the packaging laminated sheet in Example 2*5 
was formed, except that the former was not heated for 
postheating. 

Comparative example 2-12 (Pouch) 

[0140] A packaging laminated sheet in Comparative 
example 2-12 was formed by the same method as that 
by which the packaging laminated sheet in Example 2-6 
was formed, except that the former was not heated for 
postheating, 

Fabrication of Pouches and Embossed Packages and 
Packaging 

[0141] Pouches were formed by processing the pack- 
aging laminated sheets in Examples 2-1 to 2-3 and 
those in Comparative examples 2-1 to 2-3 and 2-7 to 
2-12. Embossed packages were formed by embossing 
the packaging laminated sheets in Examples 2-4 to 2-6 
and those in Comparative examples 2-4 to 2-6. Polymer 
battery modules were sealed in those pouches and em- 
bossed packages to form polymer batteries, respective- 
ly. The polymer batteries were subjected to tests and 
their performance was evaluated. One hundred test 
samples were tested for each of the aforesaid condi- 
tions. 

Method of Evaluation 



Comparative example 2-8 (Pouch) 

[0136] A packaging laminated sheet in Comparative 
example 2-8 was formed by the same method as that 
by which the packaging laminated sheet in Example 2-2 
was formed, except that the former was not heated for 
postheating. 

Comparative example 2-9 (Pouch) 

[0137] A packaging laminated sheet in Comparative 
example 2-9 was formed by the same method as that 
by which the packaging laminated sheet in Example 2-3 
was formed, except that the former was not heated for 
postheating. 

Comparative example 2-10 (Pouch) 

[0138] A packaging laminated sheet in Comparative 
example 2-10 was formed by the-same method as that 
by which the packaging laminated sheet in Example 2-4 



1) Chemical Resistance Test 

40 [0142] Samples were inspected for the separation of 
the aluminum foil and the PE resin film after keeping the 
samples in an atmosphere of 60 °C and 90% RH in a 
thermostat for seven days. 

^ 2) Delamination during Heat-sealing Process 



[0143] Samples were inspected for Ihe separation of 
the base layer and the aluminum foil after keeping the 
same at 90 °C for 24 hr after the packaging laminated 
sheets had been processed for heat-sealing or emboss- 
ing at .1 90 °C and 9B N/cm 2 for 5 s. 



so 



55 



Results 

[0144] None of the packaging laminated sheets in Ex- 
amples2-1 to 2-6 formed underthe ozonizing conditions 
(A) and (B) was delaminated by embossing or heat-seal- 
ing and the base layer and the aluminum foil of each of 
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the sample packaging laminated sheets in Examples 
2-1 to 2-6 were not separated by the detrimental effect 
of the polymer battery modules on the pouches and em- 
bossed packages. 

[0145] None of the packaging laminated sheets in 
Comparative examples 2-1 to 2-3 was not delaminated 
during the fabrication of the pouches. However, ail the 
packaging laminated sheets in Comparative examples 
2-1 to 2-3 were delaminated by the chemical resistance 
test. 

[0146] Eighty sample packaging laminated sheets 
among the hundred sample packaging laminated 
sheets in Comparative examples 2-4 to 2-6 were dela- 
minated by heat-sealing. However, all the packaging 
laminated sheets in Comparative examples 2-4 to 2-6 
were delaminated by the chemical resistance test. 
[0147] None of the packaging laminated sheets in 
Comparative examples 2-7 to 2-9 formed under the ozo- 
nizing conditions (A) and (B) was delaminaled heat- 
sealing for the formation of the pouches. However, all 
the packaging laminated sheets in Comparative exam- 
ples 2-7 to 2-9 were delaminated by the chemical resist- 
ance test. 

[0148] The base layer and the aluminum foil of each 
of the sample packaging laminated sheets in Compar- 
ative examples 2-1 0 to 2-12 formed under the ozonizing 
conditions (A) an d(B) were not separated during heat- 
sealing. However, all the packaging laminated sheets in 
Comparative examples 2-10 to 2-12 were delaminated 
by the chemical resistance test. 
[0149] The chemical conversion treatment of the op- 
posite surfaces of the aluminum foil prevents the sepa- 
ration of the base layer and the aluminum foil during em- 
bossing and heat-sealing. The separation of the alumi- 
num foil and the innermost layer can be prevented be- 
cause the surfaces of the aluminum foil are not corroded 
by hydrogen fluoride that may be produced by interac- 
tion between the electrolyte of the polymer battery mod- 
ule and moisture. 

[0150] When forming the heat-sealable resin layer of 
the packaging laminated sheet by an extrusion lamina- 
tion method, a sandwich lamination method or a coex- 
trusion lamination method, the surface of the molten res- 
in film of the resin to be bonded to the surface processed 
by the chemical conversion treatment of the aluminum 
foil is subjected to the ozonizing treatment and the pack- 
aging laminated sheet as formed is heated at a temper- 
ature not lower than the softening point of the resin. 
Therefore the heat-sealable resin layer can be formed 
of a polyethylene resin, which is advantageous in re- 
spect of workability and economy as compared with ac- 
id-modified polyolcftn resins and metal crosslinked pol- 
yethylene resins. 

Third Embodiment 

[0151] A packaging laminated sheet, i.e., a polymer 
battery module packaging sheet, in a third embodiment 



according to the present invention has component lay- 
ers laminated with stable adhesive strength and is ca- 
pable of being efficiently produced. Materials of the 
packaging laminated sheet and methods of forming the 
packaging laminated sheet will be described hereinaf- 
ter. 

[0152] The inventors of the present invention found 
through earnest studies of packaging sheets for pack- 
aging polymer batteries to develop packaging laminated 
sheets that will not be delaminated by heat-sealing that 
a satisfactory packaging structure can be made by 
processing the opposite surfaces of an aluminum foil to 
chemical conversion treatment, laminating a molten res- 
in film of a PPa resin, such as an unsaturated carboxylic 
acid graft random propylene resin, and a molten resin 
film of a PP resin to one of the surfaces of the aluminum 
foil by a coextrusion lamination method and subjecting 
the packaging laminated sheet to postheating and have 
made the present invention. 

[0153] As shown in Figs. 5(b) and 5{c), a packaging 
laminated sheet 10, i.e., a polymer battery module pack- 
aging sheet, in the third embodiment includes, at least 
a base layer 11, a bonding layer 16, an aluminum foil 
12, a chemical conversion coating 15b formed on one 
of the opposite surfaces of the aluminum foil 1 2, a chem- 
ical conversion coating 15b formed on the other surface 
of the aluminum foil, an adhesive resin layer 13 and an 
innermost layer 1 4. The adhesive resin layer 1 3 and the 
innermost layer 14 are formed by a coextrusion lamina- 
tion method. 

[0154] As shown in Figs. 5(b) and 5(c) f the opposite 
surfaces of the aluminum foil (barrier layer) 12 are coat- 
ed with the chemical conversion coatings 15a and 15b, 
the adhesive resin layer 13 and the innermost layer 14 
are laminated to the inner surface of the aluminum foil 
12 by a coextrusion lamination method and a structure 
thus formed is subjected to postheating that heats the 
structure at a temperature not lower than the softening 
point of the adhesive resin forming the adhesive resin 
layer 13 to complete the packaging laminated sheet 10. 
[0155] The base layer 11 is an oriented polyester or 
nylon film. Possible polyester resins are PET resins, 
PBT resins, PEN resins, PBN resins, interpofyester res- 
ins, PC resins and the like. Possible nylon resins are 
nylon 6, nylon 66, copolymers of nylon 6 and nylon 66, 
nylon 610, polymethaxylilene adipamide (MXD6) and 
the like. 

[0156] When the polymer battery is used on a piece 
of hardware, the base layer 1 1 comes into direct contact 
with the piece of hardware. Therefore, it is basically de- 
sirable to form the base layer 1 1. of an intrinsically insu- 
lating resin. Since a film forming the base layer 11 has 
pinholes and pinholes will be formed in the film during 
processing, the thickness of the base layer 11 must be 
6 urn or above, preferably, in the range of 12 to 25 urn. 
[0157] The base layer 11 may be a laminated film in 
view of providing the base layer 11 with pinhole resist- 
ance and improved insulating ability. 
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[01 58] A laminated film for the base layer 1 1 includes 
at least one resin layer consisting of two or more layers 
each having a thickness of 6 urn or above, preferably, 
in the range of 12 to 25 urn. The following laminated 
structures 1) to 7), not shown, are examples of the lam- 
inated base layer 11. 



1) Oriented PET resin layer/Oriented nylon layer 

2) Oriented nylon layer/oriented PET resin layer 

To improve the mechanical aptitude (stability 
when passed through processing machines and a 
packaging machine) and surface protecting ability 
(heat resistance and electrolyte resistance) of the 
packaging sheet and to reduce friction between a 
die and the base layer 11 when embossing the 
packaging laminated sheet, it is preferable that the 
base layer 11 consists of plural layers and the sur- 
face of the base layer 1 1 is coated with a fluorocar- 
bon resin, an acrylic resin or a silicone resin. The 
base layer 11 may be any one of the following lam- 
inated films. 

3) Fluorocarbon resin layer/Oriented PET resin lay- 
er(the fluorocarbon resin layer may be a fluorocar- 
bon resin film or a film formed by spreading a liquid 
fluorocarbon resin in a film and drying the same.) 

4) Silicone resin layer/Oriented PET resin layer (the 
silicone resin layer may be a silicone resin film or a 
film formed by spreading a liquid silicone resin in a 
film and drying the same.) 

5) Fluorocarbon resin layer/Oriented PET resin lay- 
er/Oriented nylon layer 

6) Silicone resin layer/Oriented PET resin layer/Ori- 
ented PET resin layer/Oriented nylon layer 

7) Acrylic resin layer/Oriented nylon layer (the acryl- 
ic resin layer may be an acrylic resin film or a film 
formed by spreading an acrylic resin and drying the 
same.) 

[0159] The base layer 11 is laminated to the aluminum 
foil 12 by a dry lamination method, an extrusion lamina- 
tion method or any suitable method. 
[0160] The aluminum foil 12, which will be also re- 
ferred to as a barrier layer 12, of the polymer battery 
module packaging sheet prevents the penetration of 
moisture into the polymer battery. To avoid the adverse 
effect of pinholes that may be formed in the barrier layer 
12, lo stabilize the workability (ease of fabricating 
pouches or embossing) and to provide the barrier layer 
12 with pinhole resistance, the barrier layer 12 has a 
thickness of 1 5 urn or above and is formed from a metal 
foil, such as an aluminum foil or a nickel foil, having a 
thickness of 15 urn or above, or a film coated with an 
inorganic compound, such as silicon dioxide or alumina, 
by evaporation. Preferably, the barrier layer 1 2 is an alu- 
minum foil of a thickness in the range of 15 to 80 j.im. 
[0161] The inventors of the present invention made 
studies to reduce pinholes and to prevent the cracking 
of an embossed package and found that aluminum hav- 



ing an iron content in the range of 0.3 to 9.0% by weight, 
preferably, 0.7 to 2.0% by weight is more satisfactory in 
ductility than aluminum not containing any iron and an 
aluminum foil (barrier layer 1 2) of such aluminum is less 
5 subject to the formation of pinholes when the packaging 
laminated sheet is bent and is more capable of facilitat- 
ing forming the side walls of the embossed package 
than an aluminum foil of aluminum not containing any 
iron. Aluminum foils of aluminum having an iron content 
10 less than 0.3% by weight are not satisfactorily pinhole- 
resistant and do not improve the formability of the pack- 
aging laminated sheet. Aluminum foils of aluminum hav- 
ing an iron content exceeding 0.9% by weight are un- 
satisfactory in flexibility and affect adversely to the work- 
's ability of the packaging laminated sheet in forming a 
pouch. 

[0162] The flexibility, stiffness and hardness of an alu- 
minum foil formed by cold rolling are dependent on an- 
nealing conditions. The present invention prefers rather 
20 soft, slightly or completely annealed aluminum foils to 
those treated by a hardening process and not annealed. 
[0163] Annealing conditions that affect the flexibility, 
stiffness and hardness of aluminum foils may be prop- 
erly determined according to the required workability 
25 (ease of forming pouches or embossed packages) of the 
packaging laminated sheet. For example, to prevent the 
formation of creases or pinholes in making a package 
by an embossing process, a slightly or completely an- 
nealed, soft aluminum foils are preferable to unan- 
30 nealed, hard aluminum foils. 

[0164] The inventors of the present invention found 
that the dissolution and corrosion of the inner surface of 
the aluminum foil, particularly, an aluminum oxide film 
coating the aluminum foil, by hydrogen fluoride pro- 
35 duced by the interaction of the electrolyte of the polymer 
battery and moisture can be prevented, the adhesive 
property (wettability) of the surfaces of the aluminum foil 
can be improved and the adhesive strength between the 
aluminum foil and the adhesive resin layer when forming 
the packaging laminated sheet can be stabilized by 
forming acid-resistant coating on the surfaces of the alu- 
minum foil and subjecting the packaging laminated 
sheet to an adhesive strength enhancing process. 
[01 65] Component layers of the layer on the inner sur- 
45 face of the aluminum foil 12 of the packaging laminated 
sheet are formed by a coextrusion lamination method. 
The adhesive resin layer 13 and the innermost layer 14 
are formed and are bonded to the surface of the alumi- 
num foil coated with the chemical conversion coating by 
so coextrusion. The innermost layers 14 can be bonded to- 
gether by heat-sealing. Desirably, the innermost layer 
14 is a film of a material having necessary properties 
including a heat-resistant property, a moistureproof 
property and press-formability, such as a cast PP resin 
55 (CPP resin). A PPa resin film and a cast PP resin film 
are coextruded in a laminated film onto the surface of 
the aluminum foil coated with the chemical conversion 
coating with the PPa resin film in contact with the alu- 
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minum foil. 

[0166] The packaging laminated sheet i.e., the poly- 
mer battery module packaging sheet., may be provided., 
in addition to the base layer 1 1 , the barrier layer 1 2. the 
adhesive resin layer 13 and the innermost layer (CPP 
resin layer) 14, an intermediate layer sandwiched be- 
tween the barrier layer 1 2 and the adhesive resin layer 
13. The intermediate layer is employed to enhance the 
strength of the packaging laminated sheet and to im- 
prove and stabilize the barrier property of the packaging 
laminated sheet. 

[0167] The inventors of the present invention found 
through studies that a satisfactory packaging laminated 
sheet can be formed by using an aluminum foil having 
opposite surfaces coated with the chemical conversion 
coatings 15a and 15b lormed by chemical conversion 
treatment as the barrier layer 12 as shown in Figs. 5(b) 
and 5(c). The chemical conversion treatment forms ac- 
id-resislanl films of a phosphate, a chromate, a fluoride 
or a triazine thiol compound. Thus the separation of the 
aluminum foil 12 and the base layer 11 during an em- 
bossing process can be prevented, the dissolution and 
corrosion of the surfaces of the aluminum foil 1 2, partic- 
ularly, aluminum oxide films coating the aluminum foil, 
by hydrogen fluoride produced by the interaction of the 
electrolyte of the polymer battery module and moisture 
can be prevented, the adhesive property (wettability) of 
the surface of the aluminum foil 1 2 is improved, the sep- 
aration of the base layer and the aluminum foil during 
heat-sealing can be prevented and the separation of the 
aluminum foil and the base layer during embossing can 
be prevented. 

[0168] It was found through experimental chemical 
conversion treatment using various substances that 
chemical conversion treatment method using a mixture 
of a phenolic resin, trivalent chromium fluoride and 
phosphoric acid has satisfactory effect. The weight per 
unit area of the film is on the order of 10 mg/m 2 (dry 
weight). 

[01 69] When the packaging laminated sheet is intend- 
ed for use for forming pouches, only one surface on the 
side of the innermost layer of the aluminum foil 1 2 needs 
to be processed by the chemical conversion treatment. 
[0170] When both the surfaces of the aluminum foil 
are processed by the chemical conversion treatment, 
the separation of the aluminum foil 1 2 and the base layer 
11 can be prevented when embossing the packaging 
laminated sheet. The packaging laminated sheet includ- 
ing the aluminum foil 12 having both the surfaces proc- 
essed by the chemical conversion treatment may be 
used for forming pouches. 

[0171] When manufacturing the packaging laminated 
sheet of the present invention, the opposite surfaces of 
the aluminum foil 12, i.e., the barrier layer, are proc- 
essed by chemical conversion treatment the base layer 
is bonded to one of the surfaces of the aluminum foil 1 2 
by a dry lamination method, and molten resin films of 
resins for forming the adhesive resin layer 13 and the 



innermost layer 14 are extruded by a coextrusion lami- 
nation method onto the other surface of the aluminum 
foil 12. 

[0172] Although the productivity of the laminating 

5 process using coextrusion is satisfactory, the adhesion 
of the adhesive resin layer 13 to the chemical conver- 
sion coating of the aluminum foil is not as high as an 
adhesion required of the packaging laminated sheet 
when a film of a PPa resin for forming the adhesive resin 

10 layer 1 3 and a film of a CPP resin for forming the inner- 
most layer 14 are coextruded onto the surface treated 
by chemical conversion treatment of the aluminum foil. 
The inventors of the present invention found through 
earnest studies that the adhesive strength between the 

is adhesive resin layer and the chemical conversion coat- 
ing can be increased by heating the packaging laminat- 
ed sheet as formed. The packaging laminated sheet 
may be heated by any one of a contact heating method 
using a hoi roller, a hot air heating method using hot air 

20 and an infrared heating method using near or far infrared 
rays, provided that the adhesive resin forming the ad- 
hesive resin layer can be heated at a temperature not 
tower than the softening point thereof. 
[0173] Cast PP resin films are suitable for forming the 

25 innermost layer 14. Cast PP resin films are satisfactory 
in heat-sealability, have excellent protective properties 
including moistureproof and heat-resistant properties 
required of the innermost layer 1 4, facilitate a lamination 
process and an embossing process for embossing the 

30 packaging laminated sheet. 

[0174] Possible resins for forming the cast PP resin 
film are homo type PP resins having a melting point of 
150 °C or above, ethylene-propylene copolymers (ran- 
dom copolymers) having a melting point of 130 °C or 

35 above, ethylene-butene-propylene terpolymers. Those 
resins may be used either individually or in combination. 
The innermost layer 1 4 may be either a single-layer film 
or a multilayer film. 

[0175] The PP resin forming the cast PP resin film 
40 may contain 5% or above of a low-crystalline ethylene- 
butene copolymer, a low-crystalline propylene-butene 
copolymer, an amorphous ethylene-propylene copoly- 
mer or an amorphous propylene-ethylene copolymer to 
give the packaging laminated sheet flexibility to improve 
45 the folding property of the packaging laminated sheet 
and to prevent the cracking of the packaging laminated 
sheet during forming. 

[0176] Possible resins for forming the bonding layer 
1 6 used for bonding together the base layer 1 1 and the 

50 barrier layer 12 by dry lamination are polyester resins, 
polyethylene imine resins, polyether resins, cyanoacr- 
ylate resins, urethane resins, organic titanium com- 
pounds, potyether-urethane resins, epoxy resins, poly- 
ester-urethane resins, imide resins, isocyanate resins, 

55 polyolefin resins, silicone resins and the like. 
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Examples 

[0177] Packaging laminated sheets in examples of 
the third embodiment will be described hereinafter. 
[0178] The chemical conversion treatment used an 5 
aqueous solution of a phenolic resin, a trivalent chromi- 
um fluoride compound and phosphoric acid as a 
processing liquid. The processing liquid was applied to 
the surface of the aluminum foil by a roll coating method 
in a film, and the film was baked at 180 °C or above. 10 
The weight per unit area of the film was 10 mg/m 2 (dry 
weight). 

[0179] Packaging laminated sheets in Example 3-1 
and Comparative examples 3-1 and 3-3 were subjected 
to heat-sealing to form 50 mm x 80 mm pillow type '5 
pouches and polymer battery modules were sealed in 
the pillow type pouches, respectively. 
[0180] Packaging laminated sheets in Example 3-2 
and Comparative examples 3-2 and 3-4 were subjected 
to an embossing process to form embossed packages 20 
each having a hollow part of 30 mm x 50 mm x 3.5 mm. 
The formability of the packaging laminated sheets was 
evaluated. 

[0181] Adhesive films of unsaturated carboxylic acid 
graft random polypropylene resin having a thickness of 25 
20 (im were wound around parts to be contiguous with 
the pouch or the embossed package of the tabs of pol- 
ymer battery modules, and the pouch or the embossed 
package was heat-sealed. 

30 

Example 3-1 (Pouch) 

[0182] Both the surfaces of a 20 u.m thick aluminum 
foil were subjected to chemical conversion treatment, 
An oriented polyester film was laminated to one of the 35 
surfaces of the aluminum foil by a dry lamination meth- 
od. A laminated film of a 20 u.m thick molten resin film 
of a PPa resin having a softening point of 120 °C and a 
30 urn thick molten resin film of a PP resin was bonded 
to the other surface of the aluminum foil by acoextrusion 40 
lamination method such that the molten resin film of the 
PPa resin is in contact with the surface of the aluminum 
foil. A packaging laminated sheet thus formed was heat- 
ed so that the surfaces of the aluminum foil were heated 
at 150 °C to obtain the packaging laminated sheet in 45 
Example 3-1. 

Example 3-2 (Embossed package) 

[0183] Both the surfaces of a 40 urn thick aluminum so 
foil were subjected to chemical conversion treatment. A 
25 urn thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 u.m thick molten resin film of a 
PPa resin having a softening point of 120 °C and a 30 55 
um thick molten resin film of a PP resin was bonded to 
the other surface of the aluminum foil by a coextrusion 
lamination method such that the molten resin film of the 



PPa resin is in contact with the aluminum foil. A pack- 
aging laminated sheet thus formed was heated so that 
the surfaces of the aluminum foil were heated at 1 50 °C 
to obtain a packaging laminated sheet in Example 3-2. 

Comparative example 3-1 (Pouch) 

[0184] Both the surfaces of a 20 u.m thick aluminum 
foil were subjected to chemical conversion treatment. 
An oriented polyester film was laminated to one of the 
surfaces of the aluminum foil by a dry lamination meth- 
od. A laminated film of a 20 u.m thick molten resin film 
of a PPa resin having a softening point of 120 °C and a 
30 um thick molten resin film of a PP resin was bonded 
to the other surface of the aluminum foil by a coextrusion 
lamination method such that the molten resin film of the 
PPa resin is in contact with the surface of the aluminum 
foil to obtain a packaging laminated sheet in Compara- 
tive example 3-1. 

Comparative example 3-2 (Embossed package) 

[0185] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 um thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry laminationrmethod. 
A laminated film of a 20 (im thick molten resin film of a 
PPa resin having a softening point of 120 °C and a 30 
um thick molten resin film of a PP resin was bonded to 
the other surface of the aluminum foil by a coextrusion 
lamination method such that the molten resin film of the 
PPa resin is in contact with the aluminum foil to obtain 
a packaging laminated sheet in Comparative example 
3-2. 

Comparative example 3-3 (Pouch) 

[0186] An oriented polyester film was laminated to 
one of the surfaces of a 40 ujt> thick aluminum foil by a 
dry lamination method, A laminated film of a 20 \im thick 
molten resin film of a PPa resin having a softening point 
of 120 °C and a 30 um thick molten resin film of a PP 
resin was bonded to the other surface of the aluminum 
foil by a coextrusion lamination method such that the 
molten resin film of the PPa resin is in contact with the 
aluminum foil to obtain a packaging laminated sheet in 
Comparative example 3-3. 

Comparative example 3-4 (Embossed package) 

[0187] A 25 jam thick nylon film was laminated to one 
of the surfaces of a 40 urn thick aluminum foil by a dry 
lamination method. A laminated film of a 20 u/n thick 
molten resin film of a PPa resin having a softening point 
of 120 °C and a 30 ujtd thick molten resin film of a PP 
resin was bonded to the other surface of the aluminum 
foil by a coextrusion lamination method such that the 
molten resin film of the PPa resin is in contact with the 
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aluminum foil 1o complete a packaging laminated sheet 
in Comparative example 3-4. 

Embossing and Packaging 

[01 88] Pouches were formed by processing the pack- 
aging laminated sheets in Example 3-1 and Compara- 
tive examples 3-1 and 3-3, embossed packages were 
formed by press-forming the packaging laminated 
sheets in Example 3-2 and Comparative examples 3-2 
and 3-4, and polymer battery modules were packaged 
in the pouches and the embossed packages to form pol- 
ymer batteries. The polymer batteries were evaluated 
by the following methods. 

Evaluating Methods 

1) Delamination during Forming 

[0189] Samples were inspected for the separation of 
the base layer and the aluminum foil immediately after 
forming. 

2) Chemical Resistance Test 

[0190] Samples were inspected for the separation of 
the aluminum foil and the innermost film, i.e., a cast PP 
resin film, after keeping the samples in an atmosphere 
of 60 °C and 90% RH in a thermostat for seven days. 

3) Delamination during Heat-sealing Process 

[0191] Samples were inspected for the separation of 
the innermost layer and the aluminum foil immediately 
after heat-sealing. 

Results 

[0192] The packaging laminated sheets in Examples 
3-1 and 3-2 were not delaminated by embossing and 
heat-sealing. The packaging laminated sheets in Com- 
parative examples 3-1 and 3-2 were not delaminated by 
heat-sealing. The packaging laminated sheet in Com- 
parative example 3-2 was not delaminated by emboss- 
ing. All the hundred sample packaging laminated sheets 
in Comparative examples 3-1 and 3-2 were delaminat- 
ed, which was not due to the corrosion of the inner sur- 
face of the aluminum foil but was due to the separation 
of the PPa resin film from the surface treated by the 
chemical conversion treatment of the aluminum foil. 
[0193] Forty sample packaging laminated sheets out 
of ono hundred sample packaging laminated sheets in 
Comparative example 3-3 and forty-six sample packag- 
ing laminated sheets out of one hundred sample pack- 
aging laminated sheets in Comparative example 3-4 
were delaminated by heat-sealing. Twenty-two sample 
packaging laminated sheets out of one hundred sample 
packaging laminated sheets in Comparative example 



3-4 were delaminated by embossing. All the one hun- 
dred sample packaging laminated sheets were delami- 
nated due to the corrosion of the inner surface of the 
aluminum foils caused by the chemical resistance test. 

5 [0194] The chemical conversion treatment of the op- 
posite surfaces of the aluminum foil prevents the sepa- 
ration of the base layer and the aluminum foil during an 
embossing process and heat-sealing. The separation of 
the aluminum foil and the innermost layer can be pre- 

10 vented because the surfaces of the aluminum foil are 
not corroded by hydrogen fluoride that may be produced 
by interaction between the electrolyte of the polymer 
battery module and moisture. 

[01 95] Since the formation of the innermost layer and 
*5 the lamination of the same to the aluminum foil can be 
simultaneously accomplished, the packaging laminated 
sheet can be efficiently manufactured. Postheating can 
enhance the adhesive strength between the adjacent 
layers of the packaging laminated sheet. 

20 

Fourth Embodiment 

[0196] A packaging laminated sheet, i.e., a polymer 
battery module packaging sheet, in a fourth embodi- 
es ment according to the present invention has a moisture- 
proof property, and is resistant to the detrimental effects 
of the polymer battery module and capable of being 
manufactured at a high productivity. When forming the 
packaging laminated sheet, the opposite surfaces of a 

30 barrier layer are subjected to chemical conversion treat- 
ment, a heat-sealable film is laminated to the barrier lay- 
er by a sandwich lamination method to form a laminated 
sheet and the laminated sheet is subjected to a heating 
process to enhance the adhesive strength between the 

35 barrier layer and the heat-sealable film. 

[0197] The inventors of the present invention made 
earnest studies to develop a packaging laminated sheet 
that will not be delaminated by embossing and heat- 
sealing, is resistant to the detrimental effect of a polymer 

40 battery and has satisfactory properties, found that such 
a packaging laminated sheet can be obtained by sub- 
jecting both the surfaces of an aluminum foil to chemical 
conversion treatment, forming an adhesive resin layer 
by extruding a PPa resin, such as an unsaturated car- 

45 boxylic acid graft random propylene resin, on the inner 
surface of the aluminum foil, bonding a PP resin film to 
the aluminum foil by the adhesive resin layer by a sand- 
wich lamination method to form a laminated sheet and 
subjecting the laminated sheet to postheating, and have 

50 made the present invention. 

[0198] As shown in Figs. 5(b) and 5(c), a packaging 
laminated sheet 1 0, i.e., a polymer battery module pack- 
aging sheet, in the fourth embodiment has, as essential 
components, a base layer 11, a bonding layer 16, a 

55 chemical conversion coating 1 5a, a barrier layer (an alu- 
minum foil) 12, a chemical conversion coating 15b, an 
adhesive resin layer 13 and a heat-sealable resin layer 
(innermost layer) 14, such as a PP resin film. The heat- 
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sealable resin layer 14 is bonded to the chemical con- 
version coating 15b with the adhesive resin layer 13 by 
sandwich lamination. The packaging laminated sheet 
10 is subjected to postheating after the same has been 
formed to enhance the adhesive strength between the 
adjacent layers. The adhesive resin layer 13 and the 
heat-sealable resin layer 1 4 constitute an innermost lay- 
er. 

[0199] As shown in Figs. 5(b) and 5(c), the chemical 
conversion coatings 15a and 15b coat both the surfaces 
of the aluminum foil 12, respectively, and the heat-seal- 
able resin layer 14 is bonded to the inner surface of the 
barrier 12 with the extruded adhesive resin layer 13 by 
sandwich lamination. The packaging laminated sheet 
1 0 is subjected to postheating to heat the same at a tem- 
perature not lower than the softening point of the resin 
forming the adhesive resin layers. 
[0200] As shown in Figs. 5(b) and 5(c), the packaging 
laminated sheet 10 has at least the base layer 11 , the 
chemical conversion coating 15a, the barrier layer 12, 
the chemical conversion coating 1 5b, the adhesive resin 
layer 13 and the heat-sealable resin layer 14. The heat- 
sealable resin layer 14 is bonded to the barrier layer 14 
by a sandwich lamination method. The heat-sealable 
resin layer 14 is a nonoriented PP resin film. When the 
packaging laminated sheet 10 is intended for forming 
an embossed package body 5a as shown in Fig. 2, the 
packaging laminatedsheet 1 0 must be excellent in form- 
ability. Materials of the layers and processes for bonding 
the layers will be described hereinafter. 
[0201] The base layer 1 1 is an oriented polyester film 
or an oriented nylon film. Possible polyester resins for 
forming the base layer 11 are PET resins, PBT resins, 
PEN resins, PBN resins, interpolyester resins, PC res- 
ins and the like. Possible nylon resins for forming the 
base layer 11 are polyamide resins including nylon 6, 
nylon 66, copolymers of nylon 6 and nylon 66, nylon 610,' 
polymethaxylilene adipamide (MXD6) and the like. 
[0202] When the polymer battery is used on a piece 
of hardware, the base layer 11 comes into direct contact 
with the piece of hardware. Therefore, it is basically de- 
sirable to form the base layer 11 of an intrinsically insu- 
lating resin. Since a film forming the base layer 11 has 
pinholes and pinholes will be formed in the film during 
processing, the thickness of the base layer 11 must be 
6 ^im or above, preferably, in the range of 12 to 25 urn 
[0203] The base layer 11 may be a laminated film in 
view of providing the base layer 11 with pinhole resist- 
ance and improved insulating ability. 
[0204] A laminated film for the base layer 1 1 includes 
at least one resin layer consisting of two or more layers 
each having a thickness of 6 urn or above, preferably, 
in the range of 12 50 25 M m. The following laminated 
structures 1 ) to 7), not shown, are examples of the lam- 
inated base layer 1 1 . 
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To improve the mechanical aptitude (stability 
when passed through processing machines and a 
packaging machine) and surface protecting ability 
(heat resistance and electrolyte resistance) of the 
packaging sheet and to reduce friction between a 
die and the base layer 11 when forming the em- 
bossed package body 5a, it is preferable that the 
base layer 11 consists of plural layers and the sur- 
face of the base layer 1 1 is coated with a fluorocar- 
bon resin, an acrylic resin or a silicone resin. The 
base layer 1 1 may be any one of the following lam- 
inated films. 

3) Fluorocarbon resin layer/Oriented PET resin lay- 
er(the fluorocarbon resin layer may be a fluorocar- 
bon resin film or a film formed by spreading a liquid 
fluorocarbon resin in a film and drying the same.) 

4) Silicone resin layer/Oriented PET resin layer (the 
silicone resin layer may be a silicone resin film or a 
film formed by spreading a liquid silicone resin in a 
film and drying the same.) 

5) Fluorocarbon resin layer/Oriented PET resin lay- 
er/Oriented nylon layer 

6) Silicone resin layer/Oriented PET resin layer/Ori- 
ented nylon layer 

7) Acrylic resin layer/Oriented nylon layer (the acryl- 
ic resin layer may be an acrylic resin film or a film 
formed by spreading an acrylic resin and drying the 
same.) 



1) Oriented PET resin layer/Oriented nylon layer 

2) Oriented nylon layer/Oriented PET resin layer 



30 [0205] The aluminum foil (barrier layer) 12 prevents 
the penetration of moisture into the polymer battery To 
avoid the adverse effect of pinholes that may be formed 
in the barrier layer 12, to stabilize the workability (ease 
of fabricating pouches or embossing) and to provide the 
55 barrier layer 12 with pinhole resistance, the barrier layer 
1 2 has a thickness of 1 5 ujti or above and is formed from 
a metal foil, such as an aluminum foil or a nickel foil or 
a film coated with an inorganic compound, such as sili- 
con dioxide or alumina, by evaporation. Preferably the 
4* barrier layer 12 is an aluminum foil of a thickness in the 
range of 20 to 80 um 

[0206] The inventors of the present invention made 
studies to reduce pinholes and to prevent the cracking 
of an embossed package and found that aluminum hav- 
45 ing an iron content in the range of 0.3 to 9.0% by weight 
preferably, 0.7 to 2.0% by weight is more satisfactory in 
ductility than aluminum not containing any iron, an alu- 
minum foil of such aluminum is less subject to the for- 
mation of pinholes when the packaging laminatedsheet 
is bent and is more capable of facilitating forming the 
side walls of the embossed package than an aluminum 
foil of aluminum not containing any iron. Aluminum foils 
of aluminum having an iron content less than 0.3% by 
weight are not satisfactorily pinhole-resistant and do not 
55 improve the fomnability of the packaging laminated 
sheet. Aluminum foils of aluminum having an iron con- 
tent exceeding 0.9% by weight are unsatisfactory in flex- 
ibility and affect adversely to the workability of the pack- 
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aging laminated sheet in forming a pouch. 
[0207] The flexibility, stiffness and hardness of an alu- 
minum foil formed by cold rolling are dependent on an- 
nealing conditions. The present invention prefers rather 
soft, slightly or completely annealed aluminum foils to 
those treated by a hardening process and not annealed. 
[0208] Annealing conditions that affect the flexibility, 
stiffness and hardness of aluminum foils may be prop- 
erty determined according to the required workability 
(ease of forming pouches or embossed packages) of the 
packaging laminated sheet. For example, to prevent the 
formation of creases or pinholes in making a package 
by an embossing process, a soft aluminum foil properly 
annealed according to the degree of forming may be 
used. 

[0209] The inventors of the present invention found 
through studies that a satisfactory packaging laminated 
sheet can be formed when both the surfaces of the alu- 
minum toil 12 are processed by chemical conversion 
treatment. The chemical conversion treatment forms an 
acid-resistant film of a phosphate, a chromate, a fluoride 
or a triazine thiol compound. The acid-resistant film pre- 
vents the separation of the aluminum foil and the base 
layer during an embossing process, and the dissolution 
and corrosion of the surfaces of the aluminum foil, par- 
ticularly, aluminum oxide films coating the aluminum foil, 
by hydrogen fluoride produced by the interaction of the 
electrolyte of the polymer battery module and moisture, 
improves the adhesive property (wettability) of the sur- 
faces of the aluminum foil, and prevents the separation 
of the aluminum foil and the base layer during an em- 
bossing process and a heat-sealing process and the 
separation of the aluminum foil and the heat-sealable 
resin layer due to the effect of hydrogen fluoride pro- 
duced by the interaction of the electrolyte and moisture. 
[0210] It was found through the examination of vari- 
ous chemical conversion treatment methods that chem- 
ical conversion treatment method using a mixture of a 
phenolic resin, trivalent chromium fluoride and phos- 
phoric acid forms a satisfactory acid-resistant film. 
[021 1] When the packaging laminated sheet is to be 
used for forming a pouch for containing a polymer bat- 
tery module, only the inner surface of the aluminum foil 
may be processed by chemical conversion treatment. 
[0212] When the packaging laminated sheet is to be 
used for forming an embossed package for containing 
a polymer battery module, both the surfaces of the alu- 
minum foil 12 are processed by chemical conversion 
treatment to prevent the separation of the aluminum foil 
1 2 and the base layer 11 during an embossing process. 
The packaging laminated sheet provided with the alu- 
minum foil having both the surfaces processed by the 
chemical conversion treatment may be used forforming 
pouches. 

[0213] When a molten PPa resin is extruded to form 
the adhesive resin layer 13 and the heat-sealable resin 
layer 14 of a CPP resin is bonded to the aluminum foil 
by sandwich lamination, the adhesion of the extruded 



PPa resin to the chemical conversion coating formed on 
the aluminum foil 12 is insufficient. If an emulsion of the 
PPa resin is applied to the chemical conversion coatings 
15a and 15b by a roll coating method, the emulsion is 
5 dried in an emulsion film, the emulsion films are baked 
at a temperature in the range of 170 to 200 °C and the 
adhesive resin layer 13 of the PPa resin is bonded to 
the chemical conversion coating 1 5b by a sandwich lam- 
ination process, the adhesive strength between the 
10 chemical conversion coating 1 5b and the adhesive resin 
layer 13 is improved. However, the emulsion films are 
baked at a very low baking speed and the efficiency of 
the adhesive resin layer forming process is very low. 
[0214] The inventors of the present invention made 
15 studies to develop a bonding method capable of bond- 
ing the adhesive resin layer 13 and the chemical con- 
version coating 15b with stable adhesive strength with- 
out applying the emulsion of the PPa resin and without 
baking the film of the emulsion and found that a pack- 
20 aging laminated sheet 1 0 having the component layers 
bonded together with desired adhesive strength can be 
formed by bonding a base layer 11 to one of the surfaces 
processed by the chemical conversion treatment of a 
barrier layer 12 by a dry lamination process, bonding a 
25 pp resin film for the heat-sealable resin layer with a PPa 
resin to the other surface of the barrier layer 12 by sand- 
wich lamination to form the packaging laminated sheet 
10 and heating the packaging laminated sheet 10 at a 
temperature not lower than the softening point of the 
30 PPa resin. 

[0215] The packaging laminated sheet 10 may be 
heated by any one of a contact heating method using a 
hot roller, a hot air heating method using hot air and an 
infrared heating method using near or far infrared rays, 
35 provided that the PPa resin can be heated at a temper- 
ature not lower than the softening point thereof. 
[0216] The packaging laminated sheet 1 0 may have, 
in addition to the base layer 11 , the barrier layer 1 2, the 
adhesive resin layer 13 and the heat-sealable resin lay- 
40 er 14 of a CPP resin, an intermediate layer sandwiched 
between the barrier layer 12 and the heat-sealable resin 
layer 14. The intermediate layer is used to enhance the 
strength of the packaging laminated sheet to improve 
and stabilize barrier property. 
45 [0217] The component layers of the packaging lami- 
nated sheet 10 may be processed by a surface activat- 
ing treatment, such as a corona discharge treatment, a 
blasting treatment, an oxidation treatment or ozone 
treatment, to improve and stabilize film forming property, 
so lamination property, formability (ease of forming pouch- 
es or embossed packages). 

[0218] A CPP resin is a suitable material for forming 
the heat-sealable layer 14. Films of a CPP resin can be 
easily bonded together by heat-sealing, meet protective 
55 properties including moistureproof property and heat re- 
sistance required of the heat-sealable resin layer of a 
polymer battery module packaging sheet, and have de- 
sirable properties suitable for lamination and emboss- 



22 



43 



EP1 160 892 A1 



44 



ing. 

[0219] Possible resins for forming the CPP resin film 
are (1) homo lype PP resins having a melting point of 
150 °C or above, (2) ethylene-propylene copolymers 
(random copolymers) having a melting point of 130 °C 
or above, (3) ethylene-butene-propylene terpolymers. 
Those resins may be used either individually or in com- 
bination. The heat-sealable resin layer 14 may be either 
a single-layer film or a multilayer film. 
[0220] The CPP resin may contain 5% or above of a 
low-crystalline ethylene-butene copolymer having a 
density of 900 kg/m 3 or below, a low-crystalline propyl- 
ene-butene copolymer, an amorphous ethylene-propyl- 
ene copolymer or an amorphous propylene-ethylene 
copolymer to form a flexible film and to improve fold re- 
sistance and to prevent the cracking of the laminated 
sheet during a forming process. 
[0221] Desirably, the base layer 11 is bonded to the 
chemical conversion coaling 15a of Ihe barrier layer 12 
by a dry lamination method. 

[0222] Possible adhesive resins for forming the bond- 
ing layer 1 6 for bonding the base layer 1 1 to the surface 
processed by the chemical conversion treatment of the 
aluminum foil 12 are polyester resins, polyethylene im- 
ine resins, polyether resins, cyanoacrylate resins, ure- 
thane resins, organic titanium compounds, polyether- 
urethane resins, epoxy reins, polyester-urethane resins, 
imide resins, isocyanate resins, polyolefin resins and sil-. 
icone resins. 

Examples 

[0223] Examples of the packaging laminated sheet in 
the fourth embodiment will be described. 
[0224] The chemical conversion treatment used an 
aqueous solution of a phenolic resin, a trivalent chromi- 
um fluoride compound and phosphoric acid as a 
processing liquid. The processing liquid was applied to 
the surface of the aluminum foil by a roll coating method 
in a film, and the film was baked at 180 °C or above. 
The weight per unit area of the film was 10 mg/m 2 (dry 
weight). 

[0225] Packaging laminated sheets in Examples 4-1 
and Comparative examples 4-1 and 4-3 were subjected 
to heat-sealing to form 50 mm x 80 mm pillow type 
pouches and polymer battery modules were sealed in 
the pillow type pouches, respectively. 
[0226] Packaging laminated sheets in Example 4-2 
and Comparative examples 4-2 and 4-4 were subjected 
to an embossing process to form embossed packages 
each having a hollow part of 30 mm x 50 mm >c 3.5 mm. 
The formability of the packaging laminated sheets was 
evaluated. 

[0227] Adhesive films of unsaturated carboxylic acid 
graft random polypropylene resin having a thickness of 
20 urn were wound around parts to be contiguous with 
the pouch or the embossed package of the tabs of pol- 
ymer battery modules, and the pouch or the embossed 



package was heat-sealed. 
Example 4-1 (Pouch) 

5 [0228] Both the surfaces of a 20 um thick aluminum 
foil were subjected to chemical conversion treatment, A 
1 6 urn thick oriented polyesterf ilm was laminated to one 
of the surfaces of the aluminum foil by a dry lamination 
method. A laminated film of a 20 urn thick molten resin 

10 film of a PPa resin having a softening point of 120 °C 
and a 30 urn thick film of a PP resin was bonded to the 
other surface of the aluminum foil by sandwich lamina- 
tion. A packaging laminated sheet thus formed was 
heated so that the surfaces of the aluminum foil were 

'5 heated at 150 °C to obtain the packaging laminated 
sheet in Example 4-1. 

Example 4-2 (Embossed package) 

zo [0229] Both the surfaces of a 40 jxm thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 jam thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 am thick molten resin film of a 

25 pp a resin having a softening point of 120 °C and a 30 
urn thick film of a PP resin was bonded to the other sur- 
face of the aluminum foil by sandwich lamination. A 
packaging laminated sheet thus formed was heated so 
that the surfaces of the aluminum foil were heated at 

30 150 °C to obtain a packaging laminated sheet in Exam- 
ple 4-2. 

Comparative example 4-1 (Pouch) 

35 [0230] Both the surfaces of a 20 u.m thick aluminum 
foil were subjected to chemical conversion treatment. A 
12 urn thick oriented polyester film was laminated to one 
of the surfaces of the aluminum foil by a dry lamination 
method. A laminated film of a 20 um thick molten resin 

^0 film of a PPa resin having a softening point of 120 °C 
and a 30 um thick film of a PP resin was bonded to the 
other surface of the aluminum to obtain a packaging 
laminated sheet in Comparative example 4-1 . 

f5 Comparative example 4-2 (Embossed package) 

[0231] Both the surfaces of a 40 um thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 um thick nylon film was laminated to one of the sur- 

50 faces of the aluminum foil by dry lamination. A laminated 
film of a 20 um thick molten resin film of a PPa resin 
having a softening point of 120 °C and a 30 um thick 
film of a PP resin was bonded to the other surface of the 
aluminum foil by sandwich lamination to obtain a pack- 

55 aging laminated sheet in Comparative example 4-2. 
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Comparative example 4-3 (Pouch) 

[0232] An oriented polyester film was laminated to 
one of the surfaces of a 20 urn thick aluminum foil by a 
dry lamination method. A laminated film of a 20 |jm thick 
molten resin film of a PPa resin having a softening point 
of 1 20 °C and a 30 urn thick film of a PP resin was bond- 
ed to the other surface of the aluminum foil by sandwich 
lamination. A packaging laminated sheet thus formed 
was heated, such that the surfaces of the aluminum foil 
were heated at 150 °C to obtain a packaging laminated 
sheet in Comparative example 4-3. 

Comparative example 4-4 (Embossed package) 

[0233] A 25 u.m thick nylon film was laminated to one 
of the surfaces of a 40 u.m thick aluminum foil by a dry 
lamination method. A laminated film of a 20 u.m thick 
molten resin film of a PPa resin having a softening point 
of 120 °C and a 30 |im thick film of a PP resin was bond- 
ed to the other surface of the aluminum foil by sandwich 
lamination. A packaging laminated sheet thus formed 
was heated such that the surfaces of the aluminum foil 
were heated at 150 °C to obtain a packaging laminated 
sheet in Comparative example 4-4. 

Embossing and Packaging 

[0234] Pouches were formed by processing the pack- 
aging laminated sheets in Example 4-1 and Compara- 
tive examples 4-1 and 4-3, embossed packages were 
formed by press-forming the packaging laminated 
sheets in Example 4-2 and Comparative examples 4-2 
and 4-4, and polymer battery modules were packaged 
in the pouches and the embossed packages to form pol- 
ymer batteries. The polymer batteries were evaluated 
by the following methods. 

Evaluating Methods 

1) Delamination during Forming 

[0235] Samples were inspected for the separation of 
the base layer and the aluminum foil immediately after 
forming. 

2) Chemical Resistance Test 

[0236] Samples were inspected for the separation of 
the aluminum foil and the innermost resin film, i.e., the 
PP resin film, after keeping the samples in an atmos- 
phere of 60 °C and 90% RH in a thermostat for seven 
days. 

3) Delamination during Heat-sealing Process 

[0237] Samples were inspected for the separation of 
the innermost layer and the aluminum foil immediately 



after heat-sealing. 
Results 

5 [0238] The packaging laminated sheets in Examples 
4-1 and 4-2 were not delaminated by embossing and 
heat-sealing. 

[0239] The packaging laminated sheets in Compara- 
tive examples 4-1 and 4-2 were not delaminated by 

10 heat-sealing. The packaging laminated sheet in Com- 
parative example 4-2 was not delaminated by emboss- 
ing. The heat-sealable resin layers of all the hundred 
sample packaging laminated sheets in Comparative ex- 
amples 4-1 and 4-2 were separated from the aluminum 

15 toils, which was not due to the corrosion of the inner 
surface of the aluminum foil but was due to the separa- 
tion of the PPa resin film from the surface treated by the 
chemical conversion treatment of the aluminum foil. 
[0240] Forty sample packaging laminated sheets out 

20 of one hundred sample packaging laminated sheets in 
Comparative example 4-3 and forty-six sample packag- 
ing laminated sheets out of one hundred sample pack- 
aging laminated sheets in Comparative example 4-4 
were delaminated by heat-sealing. Twenty-two sample 

25 packaging laminated sheets out of one hundred sample 
packaging laminated sheets in Comparative example 
4-4 were delaminated by embossing. All the one hun- 
dred sample packaging laminated sheets were delami- 
nated due to the corrosion of the inner surface of the 

30 aluminum foil caused by the detrimental effect of the pol- 
ymer battery modules. 

[0241] The chemical conversion treatment of the op- 
posite surfaces of the aluminum foil prevents the sepa- 
ration of the base layer and the aluminum foil during an 

35 embossing process and heat-sealing. The separation of 
the aluminum foil and the innermost layer can be pre- 
vented because the surfaces of the aluminum foil are 
not corroded by hydrogen fluoride that may be produced 
by interaction between the electrolyte of the polymer 

40 battery module and moisture. 

[0242] Since the formation of the heat-sealable layer 
and the lamination of the same to the aluminum foil can 
be simultaneously accomplished by a sandwich lamina- 
tion method, the packaging laminated sheet can be ef- 

^5 ficiently manufactured. Postheating can enhance the 
adhesive strength between the adjacent layers of the 
packaging laminated sheet. 

Fifth Embodiment 

so 

[0243] A packaging laminated sheet, i.e., a polymer 
battery module packaging sheet, in a fifth embodiment 
according to the present invention has a moistu reproof 
property, and is resistant to the detrimental effects of the 
55 polymer battery module and capable of being manufac- 
tured at a high productivity. When forming the packaging 
laminated sheet, the opposite surfaces of a barrier layer 
are subjected to chemical conversion treatment, an ad- 
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hesive resin layer and an inner resin layer are formed 
by a coextrusion lamination method on the inner surface 
to be in contact with the polymer battery module of the 
barrier layer toform a laminated sheet and the laminated 
sheet is subjected to a heating process to enhance the 5 
adhesive strength between the barrier layer and the 
laminated sheet. 

[0244] The inventors of the present invention made 
earnest studies to develop a packaging laminated sheet 
that will not be delaminated by embossing and heat- 10 
sealing, is resistant to the detrimental effect of a polymer 
battery module and has satisfactory properties, found 
that such a packaging laminated sheet can be obtained 
by subjecting both the surfaces of an aluminum foil to 
chemical conversion treatment, forming an adhesive 15 
resin layer by extruding a PPa resin, such as an unsatu- 
rated carboxylic acid graft random propylene resin, on 
the inner surface of the aluminum foil, bonding an inner- 
most layer of an ethylene-butene-propylene terpolymer 
(hereinafter referred to as T-PP resin") to the aluminum 20 
foil by the adhesive resin layer to form a laminated 
sheet, and have made the present invention. The inven- 
tors of the present invention found that the foregoing 
problems can be solved by a polymer battery module 
packaging sheet manufacturing method comprising the 25 
steps of processing the opposite surfaces of an alumi- 
num foil by chemical conversion treatment, forming a 
laminated sheet by forming a layer of a PPa resin, such 
as an unsaturated carboxylic acid graft random propyl- 
ene resin, as an adhesive resin layer, and a layer of a 30 
terpolymer on the inner surface of the aluminum foil by 
a coextrusion lamination method to form a laminated 
sheet, and subjecting the laminated sheet to a heating 
process, and have made the present invention. 
[0245] As shown in Figs. 5(b) and 5(c), a packaging 35 
laminated sheet 1 0, i.e. , a polymer battery module pack- 
aging sheet, in the fifth embodiment has, as essential 
components, a base layer 11, a bonding layer 16, a 
chemical conversion coating 15a, an aluminum foil 12 
as a barrier layer, a chemical conversion coating 15b, 40 
an adhesive resin layer 13 and an innermost layer 14, 
i.e., a film of a terpolymer of ethylene, butene and pro- 
pylene. The adhesive resin layer 13 and the innermost 
layer 1 4 are formed by a coextrusion lamination method. 
The packaging laminated sheet 1 0 is subjected to post- 45 
heating after the same has been formed to enhance the 
adhesive strength between the adjacent layers. The ad- 
hesive resin layer 1 3 and the innermost layer 1 4 consti- 
tute an innermost layer. 

[0246] As shown in Figs. 5(b) and 5(c), the chemical so 
conversion coatings 1 5a and 1 5b coat both the surfaces 
of the aluminum foil 12 (barrier layer), respectively, and 
the innermost layer 14 of the T-PP resin is bonded to 
the inner surface of the aluminum foil 1 2 with the extrud- 
ed adhesive resin layer 1 3 by coextrusion. The packag- ss 
ing laminated sheet 1 0 is subjected to postheating to 
heat the same at a temperature not lower than the sof- 
tening point of the resin forming the adhesive resin layer. 



[0247] As shown in Figs. 5(b) and 5(c), the packaging 
laminated sheet 10 has at least the base layer 11, the 
chemical conversion coating 15a ( the aluminum foil 12. 
the chemical conversion coating 1 5b. the adhesive resin 
layer 1 3 and the innermost layer 1 4 . The adhesive resin 
layer 1 3 and the innermost layer 14 are formed by a co- 
extrusion lamination method. The innermost layer 14 is 
formed of the T-PP resin. When the packaging laminat- 
ed sheet 1 0 is intended for forming an embossed pack- 
age body 5a as shown in Fig. 2, the packaging laminated 
sheet 1 0 must be excellent in formability to form the hol- 
low part 7 for holding a polymer battery module 2. Ma- 
terials of the layers of the packaging laminated sheet 10 
and processes for bonding the layers will be described 
hereinafter. 

[0248] The base layer 11 is an oriented polyester film 
or an oriented nylon film. Possible polyester resins for 
forming the base layer 11 are PET resins, PBT resins, 
PEN resins, PBN resins, inlerpolyester resins, PC res- 
ins and the like. Possible nylon resins for forming the 
base layer 11 are polyamide resins including nylon 6, 
nylon 66, copolymers of nylon 6 and nylon 66, nylon 61 0, 
polymethaxylilene adipamide (MXD6) and the like. 
[0249] When a polymer battery using the packaging 
laminated sheet 10 is used on a piece of hardware, the 
base layer 11 comes into direct contact with the piece 
of hardware. Therefore, it is basically desirable to form 
the base layer 11 of an intrinsically insulating resin. 
Since a film forming the base layer 11 has pinholes and 
pinholes will be formed in the film during processing, the 
thickness of the base layer 11 must be 6 pm or above, 
preferably, in the range of 12 to 25 jam. 
[0250] The base layer 11 may be a laminated film in 
view of providing the base layer 11 with pinhole resist- 
ance and improved insulating ability. 
[0251 ] A laminated film for the base layer 1 1 includes 
at least one resin layer consisting of two or more layers 
each having a thickness of 6 (im or above, preferably, 
in the range of 12 50 25 u.m. The following laminated 
structures 1 ) to 7), not shown, are examples of the lam- 
inated base layer 11. 

1) Oriented PET resin layer/Oriented nylon layer 

2) Oriented nylon layer/Oriented PET resin layer 

To improve the mechanical aptitude (stability 
when passed through processing machines and a 
packaging machine) and surface protecting abilily 
(heat resistance and electrolyte resistance) of the 
packaging sheet and to reduce friction between a 
die and the base layer 11 when forming the em- 
bossed package body 5a, it is preferable that the 
base layer 11 consists of plural layers and the sur- 
face of the base layer 11 is coated with a fluorocar- 
bon resin, an acrylic resin or a silicone resin. The 
base layer 11 may be any one of the following lam- 
inated films. 

3) Fluorocarbon resin layer/Oriented PET resin lay- 
er(the fluorocarbon resin layer may be a fluorocar- 
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bon resin film or a film formed by spreading a liquid 
fluorocarbon resin in a film and drying the same.) 

4) Silicone resin layer/Oriented PET resin layer (the 
silicone resin layer may be a silicone resin film or a 
film formed by spreading a liquid silicone resin in a 
film and drying the same.) 

5) Fluorocarbon resin layer/Oriented PET resin lay- 
er/Oriented nylon layer 

6) Silicone resin layer/Oriented PET resin layer/Ori- 
ented nylon layer 

7) Acrylic resin layer/Oriented nylon layer (the acryl- 
ic resin layer may be an acrylic resin film or a film 
formed by spreading an acrylic resin and drying the 
same.) 

[0252] The barrier layer (aluminum foil) 12 prevents 
the penetration of moisture into the polymer battery. To 
avoid the adverse effect of pinholes that may be formed 
in the barrier layer 12, lo stabilize the workability (ease 
of fabricating pouches or embossing) and to provide the 
barrier layer 1 2 with pinhole resistance, the barrier layer 
1 2 has a thickness of 1 5 urn or above and is formed from 
a metat foil, such as an aluminum foil or a nickel foil, or 
a film coated with an inorganic compound, such as sili- 
con dioxide or alumina, by evaporation. Preferably, the 
barrier layer 1 2 is an aluminum foil of a thickness in the 
range of 20 to 80 ujn. 

[0253] The inventors of the present invention made 
studies to reduce pinholes and to prevent the cracking 
of an embossed package and found that aluminum hav- 
ing an iron content in the range of 0.3 to 9.0% by weight, 
preferably, 0.7 to 2.0% by weight is more satisfactory in 
ductility than aluminum not containing any iron, an alu- 
minum foil of such aluminum is less subject to the for- 
mation of pinholes when the packaging laminated sheet 
is bent and is more capable of facilitating forming the 
side walls of the embossed package than an aluminum 
foil of aluminum not containing any iron. Aluminum foils 
of aluminum having an iron content less than 0.3% by 
weight are not satisfactorily pinhole-resistant and do not 
improve the formability of the packaging laminated 
sheet. Aluminum foils of aluminum having an iron con- 
tent exceeding 0.9% by weight are unsatisfactory in flex- 
ibility and affect adversely to the workability of the pack- 
aging laminated sheet in forming a pouch. 
[0254] The flexibility, stiffness and hardness of an alu- 
minum foil formed by cold rolling are dependent on an- 
nealing conditions. The present invention prefers rather 
soft, slightly or completely annealed aluminum foils to 
those treated by a hardening process and not annealed. 
[0255] Annealing conditions that affect the flexibility, 
stiffness and hardness of aluminum foils may bo prop- 
erly determined according to the required workability 
(ease of forming pouches or embossed packages) of the 
packaging laminated sheet. For example, to prevent the 
formation of creases or pinholes in making a package 
by an embossing process, a soft aluminum foil properly 
annealed according to the degree of forming may be 



50 
used. 

[0256] The inventors of the present invention found 
through studies that a satisfactory packaging laminated 
sheet can be formed when both the surfaces of the bar- 

5 rier layer 12 of aluminum are processed by chemical 
conversion treatment. The chemical conversion treat- 
ment forms an acid-resistant film of a phosphate, a chro- 
mate, a fluoride or a triazine thiol compound. The acid- 
resistant film prevents the separation of the aluminum 

10 foil and the base layer during an embossing process, 
and the dissolution and corrosion of the surfaces of the 
aluminum foil, particularly, aluminum oxide films coating 
the aluminum foil, by hydrogen fluoride produced by the 
interaction of the electrolyte of the polymer battery mod- 

*5 ule and moisture, improves the adhesive property (wet- 
tability)of the surfaces of the aluminum foil, and prevents 
the separation of the aluminum foil and the base layer 
during an embossing process and a heat-sealing proc- 
ess and the separation of the aluminum foil and the heal- 

20 sealable resin layer due to the effect of hydrogen fluo- 
ride produced by the interaction of the electrolyte and 
moisture. 

[0257] It was found through the examination of vari- 
ous chemical conversion treatment methods that chem- 

55 ical conversion treatment method using a mixture of a 
phenolic resin, trivalent chromium fluoride and phos- 
phoric acid forms a satisfactory acid-resistant film. 
[0258] When the packaging laminated sheet is to be 
used for forming a pouch for containing a polymer bat- 

30 tery module, only the inner surface of the aluminum foil 
may be processed by chemical conversion treatment. 
[0259] When the packaging laminated sheet is to be 
used for forming an embossed package for containing 
a polymer battery module, both the surfaces of the alu- 

55 minum foil 12 are processed by chemical conversion 
treatment to prevent the separation of the aluminum foil 
12 and the base layer 11 during an embossing process. 
The packaging laminated sheet provided with the alu- 
minum foil having both the surfaces processed by the 

40 chemical conversion treatment may be used for forming 
pouches. 

[0260] The layers on the inner side of the barrier layer 
12 of the packaging laminated sheet of the present in- 
vention are formed by a coextrusion lamination method 
using an apparatus shown in Fig. 1 0. The adhesive resin 
layer 13 and the innermost layer 14 are formed by co- 
extrusion and are bonded lo the surface processed by 
the chemical conversion treatment of the aluminum foil 
12. Desirably : the innermost layer 14 is formed of a T- 

so pp resin having satisfactory physical properties includ- 
ing heat-sealability, heat resistance, moistureproof 
property and prcss-formability. The PPa resin having 
high adhesion to the surface processed by the chemical 
conversion treatment of the aluminum foil and a T-PP 

55 resin are coextruded on the aluminum foil to laminate 
the PPa resin layer to the aluminum foil. 
[0261] When fabricating the packaging laminated 
sheet of the present invention, the adhesive resin layer 
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1 3 formed on the inner surface treated by chemical con- 
version treatment of the aluminum foil is formed of a PPa 
resin, such as an unsaturated carboxylic acid graft ran- 
dom polypropylene resin. The adhesive resin layer 13 
of the PPa resin prevents the corrosion of the aluminum 5 
foil 12 and bonds the innermost layer 14 of the T-PP 
resin firmly to the aluminum foil 12. 
[0262] A laminating method of forming the adhesive 
resin layer 13 of the PPa resin and the innermost layer 

1 4 on the surface processed by the chemical conversion 10 
treatment of the aluminum foil 12 by coextrusion is ex- 
cellent in productivity. However, the adhesive strength 
of the adhesive resin layer 13 is insufficient when the 
packaging laminated sheet is used for packaging a pol- 
ymer battery module. 15 
[0263] The inventors of the present invention made 
studies to develop a laminating method capable of lam- 
inating layers so that the layers are kept bonded with 
stable adhesive strength and fabricaled a laminated 
sheet having component layers bonded with predeter- 20 
mined adhesive strength by forming the packaging lam- 
inated sheet 1 0 by the steps of laminating the base layer 
11 to one of the surfaces processed by the chemical 
conversion treatment of the barrier layer 12 by dry lam- 
ination, andforming the adhesive resin layer 13 of a PPa 25 
resin and the innermost layer 14 of a T-PP resin on the 
other surface of the barrier layer 12 by a coextrusion 
lamination method to form a laminated structure, and 
heating the laminated structure at a temperature not 
lower than the softening point of the PPa resin forming 30 
the adhesive resin layer 13. 

[0264] The packaging laminated sheet 10 may be 
heated by any one of a contact heating method using a 
hot roller, a hot air heating method using hot air and an 
infrared heating method using near or far infrared rays, 35 
provided that the PPa resin forming the adhesive resiri 
layer 1 3 can be heated at a temperature not lower than 
the softening point thereof. 

[0265] A packaging laminated sheet having compo- 
nent layers bonded together with stage adhesive 40 
strength can be formed by another method that heats 
the surface on the side of the innermost layer 14 of the 
aluminum foil 12 at a temperature not lower than the sof- 
tening point of the PPa resin forming the adhesive resin 
layer 13 when forming the adhesive resin layer 13 and 45 
the innermost layer 14 by coextrusion. 
[0266] The PPa resin is (1 ) an acid-modified homopol- 
ypropylene resin having a Vicat softening point of 115 
°C or above and a melting point of 1 50 °C or above, (2) 
an ethylene-propylene copolymer (random copolymer) so 
having a Vicat softening point of 1 05 °C or above and a 
melting point of 1 30 °C or above or (3) a simple polymer 
or a blended of polymers containing a T-PP resin as a 
base resin having a melting point of 110 °C or above 
and produced by acid-modified polymerization using an 55 
unsaturated carboxylic acid. 

[0267] The PPa resin may contain 5% or above of a 
low-crystalline ethylene-butene copolymer having a 



density of 900 kg/ m 3 or below, a low-crystalline propyl- 
ene-butene copolymer an amorphous ethylene-propyl- 
ene copolymer, an amorphous propylene-ethylene co- 
polymer or an ethylene-butene-propylene terpolymerlo 
give the PPa resin film flexibility, to improve bendability 
and to prevent cracking during a forming process. 
[0268] Flexibility may be given to the PPa resin to im- 
prove the foldability of the PPa resin film and to prevent 
the cracking of the PPa resin film during a forming proc- 
ess by adding 5% or above of a T-PP resin (ethylene- 
butene-propylene terpolymer) to the PPa resin. 
[0269] The packaging laminated sheet 10 of the 
present invention may include, in addition to the base 
layer 11, the barrier layer 12, the adhesive resin layer 
13 and the innermost layer 14 of the T-PP resin, an in- 
termediate layer between the barrier layer 12 and the 
innermost layer 14 to improve the strength of the pack- 
aging laminated sheet as a polymer battery module 
packaging sheet and to improve and stabilize the imper- 
meability of the packaging laminated sheet. 
[0270] The component layers of the packaging lami- 
nated sheet 10 may be processed by a surface activat- 
ing treatment, such as a corona discharge treatment, a 
blasting treatment, an oxidation treatment or ozone 
treatment, to improve and stabilize film forming property, 
lamination property, formability (ease of formin'gpouch- 
es or embossed packages). 

[0271] T-PP resins are suitable for forming the inner- 
most layer 14 of the packaging laminated sheet 10. 
Films of a T-PP resin can be easily bonded together by 
heat-sealing, meet protective properties including mois- 
tureproof property and heat resistance required of the 
heat-sealable resin layer of a polymer battery module 
packaging sheet, and have desirable properties suitable 
for lamination and embossing. 
[0272] Desirably, the innermost layer 14 has a thick- 
ness in the range of 30 to 1 00 urn and is formed of a T- 
PP resin having a melting point of 1 20 °C or above. Pref- 
erably, the innermost layer 14 is a PP resin layer con- 
taining 5% or above of a terpolymer or a multilayer struc- 
ture having at least a PP resin layer containing 5% or 
above of a terpolymer. 

[0273] Desirably, the base layer 11 is bonded to the 
chemical conversion coating 15a of the barrier layer 12 
by a dry lamination method. 

[0274] The followings are concrete examples of ma- 
terials forming the component layers of the innermost 
layer. 

(1) Terpolymer 

(2) Terpolymer + PP resin 

(3) Terpolymer/LLDPEAerpolymcr 

(4) Terpolymer + PP resin/LLDPE/terpolymer/PP 
resin 

(5) Terpolymer + PP resin/PP resinAerpolymer + PP 
resin 

(6) Terpolymer + PP resin/PP resin + LLDPE/terpol- 
ymer + PP resin 
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(7) Terpolymer + PP resin/PP resin + terpolymer/ 
terpolymer + PP resin 

where 'V denotes blending, V indicates coextrusion, 
terpolymer content is 5% or above and the PP resin is 
of a random polymerization type. 
[0275] The T-PP resin may contain 5% or above of a 
low-crystalline elhylene-butene copolymer having a 
density of 900 kg/m 3 or below, a low-crystalline propyl- 
ene-butene copolymer, an amorphous ethylene-propyl- 
ene copolymer or an amorphous propylene-ethylene 
copolymer to give the T-PP resin film flexibility, to im- 
prove bendability and to prevent cracking during a form- 
ing process. 

[0276] Desirably, the base layer 11 of the packaging 
laminated sheet of the present invention is bonded to 
the surface processed by the chemical conversion treat- 
ment (coating 15a) of the barrier layer 12 by a dry lam- 
ination method. 

[0277] Possible adhesive resins for forming the bond- 
ing layer 1 6 for bonding the base layer 1 1 to the surface 
of the aluminum foil 12 processed by the chemical con- 
version treatment are polyester resins, polyethylene im- 
ine resins, polycther resins, cyanoacrylate resins, urc- 
thane resins, organic titanium compounds, polyether- 
urethane resins, epoxy reins, polyester-urethane resins, 
imide resins, isocyanate resins, polyolefin resins and sil- 
icone resins. 

Examples 

[0278] Examples of the packaging laminated sheet in 
the fifth embodiment will be described. 
[0279] The chemical conversion treatment used an 
aqueous solution of a phenolic resin, a chromium fluo- 
ride compound and phosphoric acid as a processing liq- 
uid. The processing liquid was applied to the surface of 
the aluminum foil by a roll coating method in a film, and 
the film was baked at 1 80 °C or above. The weight per 
unit area of the film was 1 0 mg/m 2 (dry weight). 
[0280] Examples of the packaging laminated sheet in 
the fifth embodiment will be described. 
[0281] The packaging laminated sheets in examples 
and comparative examples used 25 u,m thick nylon films 
for forming their base layers and used 40 jim thick alu- 
minum foils for forming their barrier layers. 
[0282] The innermost layers of the examples of the 
present invention contained a T-PP resin (ethylene- 
butene-propylene terpolymer). 

[0283] Packaging laminated sheets in examples were 
subjected to single-side embossing to form embossed 
packages each having a hollow part of 30 mm x 50 mm 
x 3.5 mm. The formability of the packaging laminated 
sheets was evaluated. 

[0284] Examples used a PPa resin produced by acid- 
modified polymerization using an unsaturated carboxy- 
lic acid and containing a random polypropylene resin 
(hereinafter referred to as "RPP resin") having a soften- 



ing point of 105 °C and a melting point of 146 °C as a 
base resin. 

Example 5-1 

5 

[0285] Both the surfaces of a 40 \xm thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 |om thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 

10 Each of sample packaging laminated sheets in Example 
5-1 was formed by bonding a laminated film of a 20 jxm 
thick Film of a PPa resin as an adhesive resin film and 
a 30 urn thick film of one of the following resins(1 ) to (6) 
by a coextrusion lamination method to the other surface 

'5 of the aluminum foil. 

(1) Terpolymer 

(2) Terpolymer (5%) + RPP (95%) 

(3) Terpolymer (50%) + RPP (50%) 
20 (4) Terpolymer (80%) + RPP (20%) 

(5) Terpolymer/RPP/terpolymer 

(6) Terpolymer/RPP+LLDPE/terpolymer 

where V denotes blending, 7" indicates coextrusion, 
25 "Rpp" denotes a random polypropylene resin and 
"LLDPE" denotes a linear low-density polyethylene res- 
in. Packaging laminated sheets in Example 5-1 were 
completed by subjecting the laminated sheets to a heat- 
ing process that heated the laminated sheets so that the 
30 surfaces of the aluminum foils were heated at 140 °C. 

Example 5-2 

[0286] Both the surfaces of a 40 jam thick aluminum 
35 foil were subjected to chemical conversion treatment. A 
25 uin thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 urn thick molten resin film of a 
PPa resin containing 10% of the terpolymer and a 30 
-to jim thick molten resin film of a blend of 5% of the terpol- 
ymer and 95% of a PP resin bonded to the other surface 
of the aluminum foil by a coextrusion lamination method 
to obtain sample packaging laminated sheets in Exam- 
ple 5-2. 

45 

Example 5-3 

[0287] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 

50 25 urn thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 pm thick molten resin film of a 
PPa resin containing 50% of the terpolymer and a 30 
u/n thick molten resin film of a blend of 5% of the terpol- 

55 ymer and 95% of a PP resin was bonded to the other 
surface of the aluminum foil by a coextrusion lamination 
method to obtain sample packaging laminated sheets in 
Example 5-3. 
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Comparative example 5-1 

[0288] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 |.im thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 jam thick molten resin film of a 
PPa resin and a 30 urn thick molten resin film of a 
homopolypropylene resin having a melting point of 1 51 
°C was bonded to the other surface of the aluminum foil 
by a coextrusion lamination method to obtain a laminat- 
ed sheet. The laminated sheets thus formed were heat- 
ed so that the surfaces of the aluminum foils were heat- 
ed at 150 °C to complete sample packaging laminated 
sheets in Comparative example 5-1 . 

Comparative example 5-2 

[0289] A 25 (am thick nylon film was bonded lo one of 
the suifaces of a 40 urn thick aluminum foil by a dry lam- 
ination method. Each of sample packaging laminated 
sheets in Comparative example 5-2 was formed by 
bonding a laminated film of a 20 ujti thick resin film of a 
PPa resin having a melting point of 120 °C as an adhe- 
sive resin film and a 30 u,m thick film of one of the resins 
(1) to (6) used for forming the sample packaging lami- 
nated sheets in Example 5-1 by a coextrusion lamina- 
tion method to the other surface of the aluminum foil. 
Laminated structures thus formed were heated so that 
the surfaces of the aluminum foils were healed at 150 
°C to complete the packaging laminated sheets in Com- 
parative example 5-2. 

Embossing and Packaging 

[0290] The sample packaging laminated sheets were 
subjected to an embossing process to form packages 
and polymer battery modules were packaged in the 
packages to form polymer batteries. The polymer bat- 
teries were evaluated by the following methods. 

Evaluating Methods 

1} Delamination during Forming 

[0291] Samples were inspected for the separation of 
the base layer and the aluminum foil immediately after 
foiming. 

2) Chemical Resistance Test 

[0292] Samples were inspected for the separation of 
the aluminum foil and the innermost layer after keeping 
the samples in an atmosphere of 60 °C and 90% RH in 
a thermostat for seven days. 



3) Delamination during Heat-sealing Process 

[0293] Samples were inspected for the separation of 
the innermost layer and the aluminum foil immediately 
5 after heat-sealing. 

Results 

[0294] The packaging laminated sheets in Examples 
w 5-1, 5-2 and 5-3 were not delaminated by embossing 
and heat-sealing. The aluminum foil and the base layer 
of each of the packaging laminated sheets in Examples 
5-1, 5-2 and 5-3 were not separated. The packaging 
laminated sheets in Examples 5-1 , 5-2 and 5-3 were not 
*5 delaminated by the chemical resistance test. Any cracks 
were not formed in the innermost layers of the packag- 
ing laminated sheets in Examples 5-1 1 5-2 and 5-3 dur- 
ing the embossing process and the bending process. 
[0295] No problem arose during Ihe embossing proc- 

20 ess and the heat-sealing process in the packaging lam- 
inated sheets in Comparative example 5-1 and the alu- 
minum foil and the base layer of each of the packaging 
laminated sheets in Comparative example 5-1 were not 
separated, The packaging laminated sheets in Compar- 
es ative example 5-1 were not delaminated by the chemical 
resistance test. However, cracks were formed during the 
embossing process in the innermost layers' of all the 
hundred samples and cracks were formed during the 
bending process in the innermost layers of the forty-six 

30 samples out of the hundred samples, 

[0296] Forty-eight sample packaging laminated 
sheets out of the hundred sample packaging laminated 
sheets in Comparative example 5-2 were delaminated 
during the embossing process and the heat-sealing 

35 process. All the hundred sample packaging laminated 
sheets in Comparative example 5-2 were delaminated 
by the chemical resistance test. Cracks were not formed 
in all the hundred sample packaging laminated sheets 
in Comparative example 5-2 during the embossing proc- 

*o ess and the bending process. 

[0297] The chemical conversion treatment of the op- 
posite surfaces of the aluminum foil prevents the sepa- 
ration of the base layer and the aluminum foil during an 
embossing process and heat-sealing. The separation of 

^ the aluminum foil and the innermost layer can be pre- 
vented because the surfaces of the aluminum foil are 
not corroded by hydrogen Nuoride that may be produced 
by interaction between the electrolyte of the polymer 
battery module and moisture. 

50 [0298] The innermost layer of the T-PP resin can be 
efficiently formed through the coextrusion of the PPa 
resin and the adhesive resin. Postheating can enhance 
the adhesive strength between the adjacent layers of 
the packaging laminated sheet. Thus, the laminated 

55 packaging structure of the fifth embodiment can be used 
for packaging polymer battery modules. 
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Sixth Embodiment 

[0299] A packaging laminated sheet, i.e. ; a polymer 
battery module packaging sheet, in a sixth embodiment 
according to the present invention has a moistureproof 5 
property, and is resistant to the detrimental effects ot the 
polymer battery module and capable of being manufac- 
tured at a high productivity. When forming the packaging 
laminated sheet, the opposite surfaces of a barrier layer 
are subjected to chemical conversion treatment, a heat- 
sealable film is laminated to the barrier layer by a sand- 
wich lamination method to form a laminated sheet and 
the laminated sheet is subjected to a heating process to 
enhance the adhesive strength between the barrier lay- 
er and the heat-sealabte film. 

[0300] The inventors of the present invention found 
that problems in packaging laminated sheets can be 
solved by subjecting both the surfaces of an aluminum 
foil to chemical conversion treatment, forming an adhe- 
sive resin layer of a PPa resin, such as an unsaturated 
carboxylic acid graft random propylene resin, on the in- 
ner surface of the aluminum foil, and using a heat-seal- 
able resin layer of a T-PP resin, and have made the 
present invention. The inventors of the present invention 
found that problems in packaging laminated sheets can 
be solved by a packaging laminated sheet manufactur- 
ing method including the steps of subjecting both the 
surfaces of an aluminum foil to chemical conversion 
treatment, forming an adhesive resin layer of a PPa res- 
in, such as an unsaturated carboxylic acid graft random 
propylene resin, on the inner surface of the aluminum 
foil by extrusion, and forming aT-PP resin film by a sand- 
wich lamination method on the adhesive resin layer to 
form a laminated sheet and subjecting the laminated 
sheet to postheating and have made the present inven- 
tion. 

[0301] As shown in Figs. 5(b) and 5(c), a packaging 
laminated sheet 1 0, i.e., a polymer battery module pack- 
aging sheet, in the sixth embodiment has : as essential 
components, a base layer 11, a bonding layer 16, a 
chemical conversion coating 15a, an aluminum foil 12 
as a barrier layer, a chemical conversion coating 1 5b, 
an adhesive resin layer 1 3 and a heat-sealable resin lay- 
er 14, i.e., a film of a T-PP resin. The adhesive resin 
layer 13 and the heat-sealable resin layer 14 of the T- 
PP resin are formed by a sandwich lamination method. 
The packaging laminated sheet 10 is subjected to post- 
heating after the same has been formed to enhance the 
adhesive strength between the adhesive resin layer 13 
and the heat-sealable resin layer 14. The adhesive resin 
layer 1 3 and the heat-sealable resin layer 14 constitute 
an innermost layer. 

[0302] As shown in Figs. 5(b) and 5(c), the chemical 
conversion coatings 1 5a and 1 5b coat both the surfaces 
of the aluminum foil 12 (barrier layer), respectively, and 
the heat-sealable resin layer 14 of the T-PP resin is 
bonded to the inner surface of the-aluminum foil 1 2 with 
the extruded adhesive resin layer 13. The packaging 



laminated sheet 10 is subjected to postheating to heat 
the same at a temperature not lower than the softening 
point of the resin forming the adhesive resin layer. 
[0303] As shown in Figs. 5(b) and 5(c), the packaging 
laminated sheet 10 has at least the base layer 11, the 
chemical conversion coating 15a, the aluminum foil 12, 
the chemical conversion coating 1 5b, the adhesive resin 
layer 13 and the heat-sealable resin layer 14. The heat- 
sealable resin layer 14 is bonded to the aluminum foil 
1 2 by a sandwich lamination method. The heat-sealable 
resin layer 14 is formed of the T-PP resin. When the 
packaging laminated sheet 10 is intended for forming 
an embossed package body 5a as shown in Fig. 2, the 
packaging laminated sheet 1 0 must be excellent in form- 
ability to form the hollow part 7 for holding a polymer 
battery module 2. Materials of the layers of the packag- 
ing laminated sheet 10 and processes for bonding the 
layers will be described hereinafter. 
[0304] The base layer 11 is an oriented polyester film 
or an oriented nylon film. Possible polyester resins for 
forming the base layer 11 are PET resins, PBT resins, 
PEN resins, PBN resins, interpolyester resins, PC res- 
ins and the like. Possible nylon resins for forming the 
base layer 11 arc potyamidc resins including nylon 6, 
nylon 66, copolymers of nylon 6 and nylon 66, nylon 61 0, 
polymethaxylilene adipamide (MXD6) and the like. 
[0305] When a polymer battery using the packaging 
laminated sheet 10 is used on a piece of hardware, the 
base layer 11 comes into direct contact with the piece 
of hardware. Therefore, it is basically desirable to form 
the base layer 11 of an intrinsically insulating resin. 
Since a film forming the base layer 1 1 has pinholes and 
pinholes will be formed in the film during processing, the 
thickness of the base layer 11 must be 6 u.m or above, 
preferably, in the range of 12 to 25 um. 
[0306] The base layer 11 may be a laminated film in 
view of providing the base layer 11 with pinhole resist- 
ance and improved insulating ability. 
[0307] A laminated film for the base layer 11 includes 
at least one resin layer consisting of two or more layers 
each having a thickness of 6 u,m or above, preferably, 
in the range of 12 to 25 um. The following laminated 
structures 1 ) to 7), not shown, are examples of the lam- 
inated base layer 11 . 

1) Oriented PET resin layer/Oriented nylon layer 

2) Oriented nylon layer/Oriented PET resin layer 

To improve the mechanical aptitude (stability 
when passed through processing machines and a 
packaging machine) and surface protecting ability 
(heat resistance and electrolyte resistance) of the 
packaging sheet and to reduce friction between a 
die and the base layer 11 when forming an em- 
bossed package, it is preferable that the base layer 
11 consists of plural layers and the surface of the 
base layer 11 is coated with a fluorocarbon resin, 
an acrylic resin or a silicone resin. The base layer 
1 1 may be any one of the following laminated films. 
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3) Fluorocarbon resin layer/Oriented PET resin lay- 
er(the fluorocarbon resin layer may be a fluorocar- 
bon resin film or a film formed by spreading a liquid 
fluorocarbon resin in a film and drying the same.) 

4) Silicone resin layer/Oriented PET resin layer (the 
silicone resin layer may be a silicone resin film or a 
film formed by spreading a liquid silicone resin in a 
film and drying the same.) 

5) Fluorocarbon resin layer/Oriented PET resin lay- 
er/Oriented nylon layer 

6) Silicone resin layer/Oriented PET resin layer/Ori- 
ented nylon layer 

7) Acrylic resin layer/Oriented nylon layer (the acryl- 
ic resin layer may be an acrylic resin film or a film 
formed by spreading an acrylic resin and drying the 
same.) 

[0308] The barrier layer (aluminum foil) 12 prevents 
the penetration of moisture into the polymer battery. To 
avoid the adverse effect of pinholes that may be formed 
in the barrier layer 12, to stabilize the workability (ease 
of fabricating pouches or embossing) and to provide the 
barrier layer 1 2 with pinhole resistance, the barrier layer 
1 2 has a thickness of 1 5 |xm or above and is formed from 
a metal foil, such as an aluminum foil or a nickel foil, or 
a film coated with an inorganic compound, such as sili- 
con dioxide or alumina, by evaporation. Preferably, the 
barrier layer 1 2 is an aluminum foil of a thickness in the 
range of 20 to 80 urn. 

[0309] The inventors of the present invention made 
studies to reduce pinholes and to prevent the cracking 
of an embossed package and found that aluminum hav- 
ing an iron content in the range of 0.3 to 9.0% by weight, 
preferably, 0.7 to 2.0% by weight is more satisfactory in 
ductility than aluminum not containing any iron, an alu- 
minum foil of such aluminum is less subject to the for- 
mation of pinholes when the packaging laminated sheet 
is bent and is more capable of facilitating forming the 
side walls of the embossed package than an aluminum 
foil of aluminum not containing any iron. Aluminum foils 
of aluminum having an iron content less than 0.3% by 
weight are not satisfactorily pinhole-resistant and do not 
improve the formability of the packaging laminated 
sheet. Aluminum foils of aluminum having an iron con- 
tent exceeding 0.9% by weight are unsatisfactory in flex- 
ibility and affect adversely to the workability of the pack- 
aging laminated sheet in forming a pouch. 
[0310] The flexibility, stiffness and hardness of an alu- 
minum foil formed by cold rolling are dependent on an- 
nealing conditions. The present invention prefers rather 
soft, slightly or completely annealed aluminum foils to 
those treated by a hardening process and not annealed. 
[0311] Annealing conditions that affect the flexibility, 
stiffness and hardness of aluminum foils may be prop- 
erly determined according to the required workability 
(ease of forming pouches or embossed packages) of the 
packaging laminated sheet. For example, to prevent the 
formation of creases or pinholes in making a package 



by an embossing process, a soft aluminum foil property 
annealed according to the degree of forming may be 
used. 

[0312] The inventors of the present invention found 

5 through studies that a satisfactory packaging laminated 
sheet can be formed when both the surfaces of the bar- 
rier layer 12 of aluminum are processed by chemical 
conversion treatment. The chemical conversion treat- 
ment forms an acid-resistant film of a phosphate, a chro- 

10 mate, a fluoride or a triazine thiol compound. The acid- 
resistant film prevents the separation of the aluminum 
foil and the base layer during an embossing process, 
and the dissolution and corrosion of the surfaces of the 
aluminum foil particularly, aluminum oxide films coating 

' 5 the aluminum foil, by hydrogen fluoride produced by the 
interaction of the electrolyte of the polymer battery mod- 
ule and moisture, improves the adhesive property (wet- 
tability)of the surfaces of the aluminum foil, and prevents 
the separation of the aluminum foil and the base layer 

20 during an embossing process and a heat-sealing proc- 
ess and the separation of the aluminum foil and the heat- 
sealable resin layer due to the effect of hydrogen fluo- 
ride produced by the interaction of the electrolyte and 
moisture. 

25 [0313] It was found through the examination of vari- 
ous chemical conversion treatment methods that chem- 
ical conversion treatment method using a mixture of a 
phenolic resin, chromium fluoride and phosphoric acid 
forms a satisfactory acid-resistant film. 

so [0314] When the packaging laminated sheet is to be 
used for forming a pouch for containing a polymer bat- 
tery module, only the inner surface of the aluminum foil 
may be processed by chemical conversion treatment. 
[0315] When the packaging laminated sheet is to be 

35 used for forming an embossed package for containing 
a polymer battery module, both the surfaces of the alu- 
minum foil 12 are processed by chemical conversion 
treatment to prevent the separation of the aluminum foil 
1 2 and the base layer 1 1 during an embossing process. 

40 The packaging laminated sheet provided with the alu- 
minum foil having both the surfaces processed by the 
chemical conversion treatment may be used forforming 
pouches, 

[0316] In the packaging laminated sheet of the 
^ present invention, an adhesive resin layer 13 of a PPa 
resin, such as an unsaturated carboxylic acid graft ran- 
dom propylene resin, is formed on the inner surface 
processed by the chemical conversion treatment of the 
aluminum foil 12. The adhesive resin layer 1 3 of the PPa 
50 resin prevents the corrosion of the aluminum foil 1 2 and 
stabilizes the adhesion of a heat-sealable resin layer of 
aT-PP resin. 

[0317] The inventors of the present invention made 
studies to develop a laminating method capable of lam- 
55 inating layers so that the layers are kept bonded with 
stable adhesive strength and fabricated a laminated 
sheet having component layers bonded with predeter- 
mined adhesive strength by forming the packaging larn- 
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inated sheet 1 0 by the steps of laminating the base layer 
11 to one of the surfaces processed by the chemical 
conversion treatment of the barrier layer 12 by dry lam- 
ination , and forming the adhesive resin layer 1 3 of a PPa 
resin and the innermost layer 14 of a T-PP resin on the 
other surface of the barrier layer 1 2 by a sandwich lam- 
ination method to form a laminated structure, and heat- 
ing the laminated structure al a temperature not lower 
than the softening point of the PPa resin forming the ad- 
hesive resin layer 13, 

[0318] The packaging laminated sheet 10 may be 
heated by any one of a contact heating method using a 
hot roller, a hot air heating method using hot air and an 
infrared heating method using near or far infrared rays, 
provided that the PPa resin forming the adhesive resin 
layer 13 can be heated at a temperature not lower than 
the softening point thereof. 

[0319] A packaging laminated sheet having compo- 
nent layers bonded logelher with stable adhesive 
strength can be formed by another method that heats 
the surface on the side of the innermost layer 14 of the 
aluminum foil 12 at atemperature not lowerthan the sof- 
tening point of the PPa resin forming the adhesive resin 
layer 13 when forming the adhesive resin layer 13 and 
the innermost layer 14 by sandwich lamination. 
[0320] The T-PP resin. contains an ethylene-butene- 
propylene copolymer as a base resin. The PPa resin is 
(1 ) a homo type PPa resin having a Vicat softening point 
of 115 °C or above and a melting point of 150 °C or 
above, (2) an ethylene-propylene copolymer (random 
copolymer) having a Vicat softening point of 105 °C or 
above and a melting point of 130 °C or above or (3) a 
simple resin or a blended resin containing a PPa resin 
modified by an unsaturated carboxylic acid and having 
a melting point of 110 °C or above. 
[0321] The PPa resin may contain 5% or above of a 
low-crystalline ethylene-butene copolymer having a 
density of 900 kg/m 3 or below, a low-crystalline propyl- 
ene-butene copolymer, an amorphous ethylene-propyl- 
ene copolymer, an amorphous propylene-ethylene co- 
polymer or an ethylene-butene-propyleneterpolymerto 
give the PPa resin film flexibility, to improve bendability 
and to prevent cracking during a forming process. 
[0322] Flexibility may be given to the PPa resin to im- 
prove the foldability of the PPa resin film and to prevent 
the cracking of the PPa resin film during a forming proc- 
ess by adding 5% or above of a T-PP resin (ethylene- 
butene-propylene terpolymer) to the PPa resin. 
[0323] The packaging laminated sheet 10 of the 
present invention may include, in addition to the base 
layer 11, the barrier layer 12, the adhesive resin layer 
13 and the innermost layer 14 of the T-PP rosin, an in- 
termediate layer sandwiched between the barrier layer 
12 and the innermost layer 14 to improve the strength 
of the packaging laminated sheet as a polymer battery 
module packaging sheet and to improve and stabilize 
the impermeability of the packaging laminated sheet. 
[0324] The component layers of the packaging lami- 



nated sheet of the present invention may be processed 
by a surface activating treatment, such as a corona dis- 
charge treatment, a blasting treatment, an oxidation 
treatment or ozone treatment, to improve and stabilize 

5 fi ,m forming property, lamination property, formability 
(ease of forming pouches or embossed packages). 
[0325] T-PP resins are suitable for forming the inner- 
most layer (heat-sealable resin layer) 14 of the packag- 
ing laminated sheet 10. Films of a T-PP resin can be 

10 easily bonded together by heat-sealing, meet protective 
properties including moistureproof property and heat re- 
sistance required of the heat-sealable resin layer of a 
polymer battery module packaging sheet, and have de- 
sirable properties suitable for lamination and emboss- 

15 ing. 

[0326] Desirably, the innermost layer 14 has a thick- 
ness in the range of 30 to 1 00 ^m and is formed of a T- 
PP resin having a melting point of 1 20 °C or above. Pref- 
erably, the innermost layer 14 is a PP resin layer con- 
20 taining 5% or above of a terpolymer or a multilayer struc- 
ture having at least a PP resin layer containing 5% or 
above of a terpolymer. The followings are concrete ex- 
amples of materials forming the component layers of the 
innermost layer 14. 

25 

(1) Terpolymer 

(2) Terpolymer + PP resin 

(3) Terpolymer/LLDPE/terpolymer 

(4) Terpolymer + PP resin/LLDPE/terpolymer/PP 
30 resin 

(5) Terpolymer + PP resin/PP resin/terpolymer+ PP 
resin 

(6) Terpolymer + PP resin/PP resin + LLDPE/terpol- 
ymer + PP resin 

» (7) Terpolymer + PP resin/PP resin + terpolymer/ 
terpolymer + PP resin 

where V denotes blending, V indicates coextrusion, 
terpolymer content is 5% or above and the PP resin is 

o of a random polymerization type. 

[0327] The T-PP resin may contain 5% or above of a 
low-crystalline ethylene-butene copolymer having a 
density of 900 kg/m 3 or below, a low-crystalline propyl- 
ene-butene copolymer an amorphous ethylene-propyl- 

5 ene copolymer or an amorphous propylene-ethylene 
copolymer to give the T-PP resin film flexibility, to im- 
prove bendability and to prevent cracking during a form- 
ing process. 

[0328] Desirably, the base layer 1 1 of the packaging 
0 laminated sheet of the present invention is bonded to 
the surface processed by the chemical conversion treat- 
ment (coaling 15a) of the barrier layer 12 by a dry lam- 
ination method. 

[0329] Possible adhesive resins for forming the bond- 
> ing layer 1 6 for bonding the base layer 1 1 to the surface 
processed by the chemical conversion treatment of the 
aluminum foil 12 are polyester resins, polyethylene im- 
ine resins, polyether resins, cyanoacrylate resins, ure- 
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thane resins, organic titanium compounds, polyether- 
urethane resins, epoxy reins, polyester-urethane resins, 
imide resins, isocyanate resins., polyolefin resins and sil- 
icone resins. 

Examples 

[0330] Examples of the packaging laminated sheet in 
the sixth embodiment will be described. 
[0331] The chemical conversion treatment used an 
aqueous solution of a phenolic resin, a chromium fluo- 
ride compound and phosphoric acid as a processing liq- 
uid. The processing liquid was applied to the surface of 
the aluminum foil by a roll coating method in a film, and 
the film was baked at 1 80 °C or above. The weight per 
unit area of the film was 10 mg/m 2 (dry weight). 
[0332] Examples of the packaging laminated sheet in 
the sixth embodiment will be described. 
[0333] The packaging laminated sheets in examples 
and comparative examples used 25 ^tm thick nylon films 
for forming their base layers and used 40 urn thick alu- 
minum foils for forming their barrier layers. 
[0334] The innermost layers of the examples of the 
present invention contained a T-PP resin (ethylene- 
butene-propylene terpolyrner). 

[0335] Packaging laminated sheets in examples were 
subjected to single-side embossing to form embossed 
packages each having a hollow part of 30 mm x 50 mm 
x 3.5 mm. The formability of the packaging laminated 
sheets was evaluated. 

[0336] Examples used a P Pa resin produced by acid- 
modified polymerization using an unsaturated carboxy- 
lic acid and containing a RPP resin having a softening 
point of 1 05 °C and a melting point of 146 °C as a base 
resin. 

Example 6-1 

[0337] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 |itn thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
Each of sample packaging laminated sheets in Example 
6-1 was formed by bonding a laminated film of a 20 u.m 
thick Film of a PPa resin as an adhesive resin film and 
a 30 urn thick film of one of the following resins(1) to (6) 
by a sandwich lamination method to the other surface 
of the aluminum foil. 

(1) Terpolyrner 

(2) Terpolyrner (5%) + RPP (95%) 

(3) Terpolyrner (50%) h RPP (50%) 

(4) Terpolyrner (80%) + RPP (20%) 

(5) Terpolymer/PP/terpolymer 

(6) Terpolymer/PP+LLDPE/terpolymer 

where V denotes blending, V indicates coextrusion, 
"RPP" denotes a random polypropylene resin and 
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TLDPE" denotes a linear low-density polyethylene res- 
in. Packaging laminated sheets in Example 6-1 were 
completed by subjecting the laminated sheets to a heat- 
ing process that heated the laminated sheets so that the 
surfaces of the aluminum foils were heated at 140 °C. 

Example 6-2 

[0338] Both the surfaces of a 40 |jm thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 urn thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method, 
A laminated film of a 20 urn thick molten resin film of a 
PPa resin containing 10% of the terpolyrner and a 30 
Urn thick molten resin film of a blend of 5% of the terpol- 
yrner and 95% of a PP resin was bonded to the other 
surface of the aluminum foil by a sandwich lamination 
method to obtain sample packaging laminated sheets in 
Example 6-2. 
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Example 6-3 

[0339] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 urn thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 pm thick molten resin film of a 
PPa resin containing 50% of the terpolyrner and a 30 
urn thick molten resin film of a blend of 5% of the terpol- 
yrner and 95% of a PP resin was bonded to the other 
surface of the aluminum foil by a sandwich lamination 
method to obtain sample packaging laminated sheets in 
Example 6-3. 



35 Comparative example 6- 1 



[0340] Both the surfaces of a 40 u,m thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 urn thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 urn thick molten resin film of a 
PPa resin and a molten resin film of a cast homopoly- 
propylene resin having a melting point of 151 °C was 
bonded to the other surface of the aluminum foil by a 
sandwich lamination method to obtain a laminated 
sheet. The laminated sheets thus formed were heated 
so that the surfaces of the aluminum foils were heated 
at 150 °C to complete sample packaging laminated 
sheets in Comparative example 6-1 . 
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Comparative example 6-2 

[0341 ] A 25 u.m thick nylon film was bonded to one of 
the surfaces of a 40 urn thick aluminum foil by a dry lam- 
ination method. Each of sample packaging laminated 
sheets in Comparative example 6-2 was formed by 
bonding a laminated film of a 20 urn thick resin film of a 
PPa resin having a melting point of 120 °C as an adhe- 
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sive resin film and a 30 um thick film of one of the resins 
(1) to (6) used for forming the sample packaging lami- 
nated sheets in Example 6-1 by a sandwich lamination 
method to the other surface of the aluminum foil. Lami- 
nated structures thus formed were heated so that the 
surfaces of the aluminum foils were heated at 1 50 °C to 
complete the packaging laminated sheets in Compara- 
tive example 6-2. 

Embossing and Packaging 

[0342] The sample packaging laminated sheets were 
subjected to an embossing process to form packages 
and polymer battery modules were packaged in the 
packages to form polymer batteries. The polymer bat- 
teries were evaluated by the following methods. 

Evaluating Methods 

1) Delamination during Forming 

[0343] Samples were inspected for the separation of 
the base layer and the aluminum foil immediately after 
forming. 

2) Chemical Resistance Test 

[0344] Samples were inspected for the separation of 
the aluminum foil and the innermost layer after keeping 
the samples in an atmosphere of 60 °C and 90% RH in 
a thermostat for seven days. 

3) Delamination during Heat-sealing Process 

[0345] Samples were inspected for the separation of 
the innermost layer and the aluminum foil immediately 
after heat-sealing. 

Results 

[0346] The packaging laminated sheets in Examples 
6-1 , 6-2 and 6-3 were not delaminated by embossing 
and heat-sealing. The aluminum foil and the base layer 
of each of the packaging laminated sheets in Examples 
6-1, 6-2 and 6-3 were not separated. The packaging 
laminated sheets in Examples 6-1 , 6-2 and 6-3 were not 
delaminated by the chemical resistance lest. Any cracks 
were not formed in the innermost layers of the packag- 
ing laminated sheets in Examples 6-1 , 6-2 and 6-3 dur- 
ing the embossing process and the bending process. 
[0347] No problem arose during the embossing proc- 
ess and the heat-sealing process in the packaging lam- 
inated sheets in Comparative example 6-1 and the alu- 
minum foil and the base layer of each of the packaging 
laminated sheets in Comparative example 6-1 were not 
separated. The packaging laminated sheets in Compar- 
ative example 6-1 were not delaminated by the chemical 
resistance test. However, cracks were formed during the 



embossing process in the innermost layers of all the 
hundred sample packaging laminated sheets in Com- 
parative example 6-1 and cracks were formed during the 
bending process in the innermost layers of the fifty-six 
s sample packaging laminated sheets out of the hundred 
sample packaging laminated sheets in Comparative ex- 
ample 6-1. 

[0348] Forty-five sample packaging laminated sheets 
out of the hundred sample packaging laminated sheets 

10 in Comparative example 6-2 were delaminated during 
the embossing process and the heat-sealing process. 
All the hundred sample packaging laminated sheets in 
Comparative example 6-2 were delaminated by the 
chemical resistance test. Cracks were not formed in all 

'5 the hundred sample packaging iaminated sheets in 
Comparative example 6-2 during the embossing proc- 
ess and the bending process. 

[0349] The chemical conversion treatment of the op- 
posite surfaces of the aluminum foil prevents the sepa- 

20 ration of the base layer and the aluminum foil during an 
embossing process and heat-sealing. The separation of 
the aluminum foil and the innermost layer can be pre- 
vented because the surfaces of the aluminum foil are 
not corroded by hydrogen fluoride that may bo produced 

25 by interaction between the electrolyte of the polymer 
battery module and moisture. 

[0350] The innermost layer of the T-PP resin can be 
efficiently formed by sandwich lamination using the Film 
of a PPa resin as an adhesive resin film. Postheating 
30 can enhance the adhesive strength between the adja- 
cent layers of the packaging laminated sheet. Thus, the 
laminated packaging structure of the sixth embodiment 
can be used for packaging polymer battery modules. 

35 Seventh Embodiment 

[0351] A packaging laminated sheet, i.e., a polymer 
battery module packaging sheet, in a seventh embodi- 
ment according to the present invention has a moisture- 

40 proof property, and is resistant to the detrimental effects 
of the polymer battery module and capable of being 
manufactured at a high productivity. When forming the 
packaging laminated sheet, the opposite surfaces of a 
barrier layer are subjected to chemical conversion treat- 

45 ment, a base layer is bonded to one of the surfaces of 
the barrier layer by a dry lamination method, a laminated 
film is formed on the other surface of the barrier layer 
by coextruding molten resin films of a PPa resin and a 
PE resin onto the other surface of the barrier layer to 

so form a laminated sheet and the laminated sheet is sub- 
jected to a heating process to enhance the adhesive 
strength between the component layers. 
[0352] The inventors of the present invention made 
earnest studies to develop a packaging laminated 

55 sheet, i.e., a battery module packaging sheet, that will 
not be delaminated by embossing and heat-sealing and 
has satisfactory properties required of battery module 
packaging sheets for packaging a polymer battery, in- 
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eluding chemical resistance to the detrimental effects of 
a polymer battery module , found that the foregoing prob- 
lems can be solved by subjecting both the surfaces of 
an aluminum foil to chemical conversion treatment, 
^ forming a resin layer of a PEa resin, such as an unsatu- 5 
rated carboxylic acid graft linear polyethylene resin, and 
a PE resin film on the inner surface of the aluminum foil 
by a coextrusion lamination method and subjecting a 
laminated sheet thus formed to postheating and have 
made the present invention. 10 
[0353] As shown in Figs. 5(b) and 5(c), a packaging 
laminated sheet 10, i.e., a polymer battery module pack- 
aging sheet, in the seventh embodiment has, as essen- 
tial components, a base layer 11, a bonding layer 16, a 
/ chemical conversion coating 1 5a, an aluminum foil (bar- * 5 

rier layer) 12, a chemical conversion coating 15b, an ad- 
hesive resin layer 1 3 and a heat-sealable resin layer (PE 
resin layer) 14. The adhesive resin layer 13 and the 
heat-sealable resin layer 1 4 are formed by a coextrusion 
lamination method. The packaging laminated sheet 10 20 
is subjected to postheating after the same has been 
formed to enhance the adhesive strength between the 
component layers. The adhesive resin layer 13 and the 
heat-scalable resin layer 1 4 constitute an innermost lay- 
er. 25 
[0354] As shown in Figs. 5(b) and 5(c), a method of 
manufacturing a polymer battery packaging sheet of the 
present invention comprises the steps of coating both 
the surfaces of the aluminum foil (barrier layer) 12 with 
the chemical conversion coatings 1 5a and 15b, forming 30 
the adhesive resin layer 13 of the PEa resin and the 
heat-sealable resin layer 14 of the PE resin by coextru- 
sion on the inner surface of the aluminum foil 1 2 to form 
a laminated sheet and heating the laminated sheet by 
postheating at a temperature not lower than the soften- 35 
ing point of the PEa resin forming the adhesive resin 
layer. 

[0355] As shown in Figs. 5(b) and 5(c), the packaging 
laminated sheet 10 of the present invention has at least 
the base layer 1 1 , the chemical conversion coating 1 5a, 40 
the aluminum foil 12, the chemical conversion coating 
15b, the adhesive resin layer 13 and the heat-sealable 
resin layer 1 4. The adhesive resin layer 1 3 and the heat- 
sealable resin layer 14 are formed by a coextrusion lam- 
ination method. The heat-sealable resin layer 14 is 
formed of the PE resin. When the packaging laminated 
sheet 10 is intended for forming an embossed package 
body 5a as shown in Fig. 2, the packaging laminated 
sheet 1 0 must be excellent in formability to form the hol- 
low part 7 for holding a polymer battery module 2. Ma- so 
terials of the layers of the packaging laminated sheet 1 0 
and processes for bonding the layers will be described 
hereinafter. 

[0356] The base layer 11 is an oriented polyester film 
or an oriented nylon film. Possible polyester resins for 55 
forming the base layer 11 are PET resins, PBT resins, 
PEN resins, PBN resins, interpolyester resins, PC res- 
ins and the like. Possible nylon resins for forming the 



base layer 11 are polyamide resins including nylon 6, 
nylon 66, copolymers of nylon 6 and nylon 66, nylon 610, 
polymethaxylilene adipamide (MXD6) and the like. 
[0357] When a polymer battery using the packaging 
laminated sheet 10 is used on a piece of hardware, the 
base layer 11 comes into direct contact with the piece 
of hardware. Therefore, it is basically desirable to form 
the base layer 11 of an intrinsically insulating resin. 
Since a film forming the base layer 11 has pinholes and 
pinholes will be formed in the film during processing, the 
thickness of the base layer 11 must be 6 |xm or above, 
preferably, in the range of 12 to 25 |ijn, 
[0358] The base layer 11 may be a laminated film in 
view of providing the base layer 11 with pinhole resist- 
ance and improved insulating ability. 
[0359] A laminated film for the base layer 11 includes 
at least one resin layer consisting of two or more layers 
each having a thickness of 6 urn or above, preferably, 
in the range or 12 to 25 urn The following laminated 
structures 1 ) to 7), not shown, are examples of the lam- 
inated base layer 11 . 

1) Oriented PET resin layer/Oriented nylon layer 

2) Oriented nylon layer/Oriented PET resin layer 

To improve the mechanical aptitude (stability 
when passed through processing machines and a 
packaging machine) and surface protecting ability 
(heat resistance and electrolyte resistance) of the 
packaging sheet and to reduce friction between a 
die and the base layer 11 when forming an em- 
bossed package, it is preferable that the base layer 
11 consists of plural layers and the surface of the 
base layer 11 is coated with a fluorocarbon resin, 
an acrylic resin or a silicone resin. The base layer 
11 may be any one of the following laminated films. 

3) Fluorocarbon resin layer/Oriented PET resin lay- 
er(the fluorocarbon resin layer may be a fluorocar- 
bon resin film or a film formed by spreading a liquid 
fluorocarbon resin in a film and drying the same.) 

4) Silicone resin layer/Oriented PET resin layer (the 
silicone resin layer may be a silicone resin film or a 
film formed by spreading a liquid silicone resin in a 
film and drying the same.) 

5) Fluorocarbon resin layer/Oriented PET resin lay- 
er/Oriented nylon layer 

6) Silicone resin layer/Oriented PET resin layer/Ori- 
ented nylon layer 

7) Acrylic resin layer/Oriented nylon layer (the acryl- 
ic resin layer may be an acrylic resin film or a film 
formed by spreading an acrylic resin and drying the 
same.) 

[0360] The barrier layer (aluminum foil) 12 prevents 
the penetration of moisture into the polymer battery. To 
avoid the adverse effect of pinholes that may be formed 
in the barrier layer 12, to stabilize the workability (ease 
of fabricating pouches or embossing) and to provide the 
barrier layer 12 with pinhole resistance, the barrier layer 
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1 2 has a thickness of 1 5 urn or above and is formed from 
a metal foil such as an aluminum foil or a nickel foil, or 
a film coaled with an inorganic compound, such as sili- 
con dioxide or alumina, by evaporation. Preferably, the 
barrier layer 1 2 is an aluminum foil of a thickness in the 
range of 20 to 80 urn. 

[0361] The inventors of the present invention made 
studies to reduce pinholes and to prevent cracking of an 
embossed package and found that aluminum having an 
iron content in the range of 0.3 to 9.0% by weight, pref- 
erably, 0.7 to 2.0% by weight is more satisfactory in duc- 
tility than aluminum not containing any iron, an alumi- 
num foil of such aluminum is less subject to the forma- 
tion of pinholes when the packaging laminated sheet is 
bent and is more capable of facilitating forming the side 
walls of the embossed package than an aluminum foil 
of aluminum not containing any iron. Aluminum foils of 
aluminum having an iron content less than 0.3% by 
weight are not satisfactorily pinhole-resislanl and do not 
improve the formability of the packaging laminated 
sheet. Aluminum foils of aluminum having an iron con- 
tent exceeding 0.9% by weight are unsatisfactory in flex- 
ibility and affect adversely to the workability of the pack- 
aging laminated sheet in forming a pouch. 
[0362] The flexibility, stiffness and hardness of an alu- 
minum foil formed by cold rolling are dependent on an- 
nealing conditions. The present invention prefers rather 
soft, slightly or completely annealed aluminum foils to 
those treated by a hardening process and not annealed. 
[0363] Annealing conditions that affect the flexibility, 
stiffness and hardness of aluminum foils may be prop- 
erly determined according to the required workability 
(ease of forming pouches or embossed packages) of the 
packaging laminated sheet. For example, to prevent the 
formation of creases or pinholes in making a package 
by an embossing process, a soft aluminum foil properly 
annealed according to the degree of forming may be 
used. 

[0364] The inventors of the present invention found 
through studies that a satisfactory packaging laminated 
sheet can be formed when both the surfaces of the bar- 
rier layer 12 of aluminum are processed by chemical 
conversion treatment. The chemical conversion treat- 
ment forms an acid-resistant film of a phosphate, a chro- 
mate, a fluoride or a triazine thiol compound. The acid- 
resistant film prevents the separation of the aluminum 
foil and the base layer during an embossing process, 
and the dissolution and corrosion of the surfaces of the 
aluminum foil, particularly, aluminum oxide films coating 
the aluminum foil, by hydrogen fluoride produced by the 
interaction of the electrolyte of the polymer battery mod- 
ulo and moisture, improves the adhesive property (wet- 
tabtlity)of the surfaces of the aluminum foil, and prevents 
the separation of the aluminum foil and the base layer 
during an embossing process and a heat-sealing proc- 
ess and the separation of the aluminum foil and the heat- 
sealable resin layer due to the effect of hydrogen fluo- 
ride produced by the interaction of the electrolyte and 



moisture. 

[0365] It was found through the examination of vari- 
ous chemical conversion treatment methods that chem- 
ical conversion treatment method using a mixture of a 

5 phenolic resin, trivalent chromium fluoride and phos- 
phoric acid forms a satisfactory acid-resislant film. 
[0366] When the packaging laminated sheet is to be 
used for forming a pouch for containing a polymer bat- 
tery module, only the inner surface of the aluminum foil 

10 on the side of the innermost layer 1 4 may be processed 
by chemical conversion treatment. 
[0367] When the packaging laminated sheet is to be 
used for forming an embossed package for containing 
a polymer battery module, both the surfaces of the alu- 

*s minum foil 12 are processed by chemical conversion 
treatment to prevent the separation of the aluminum foil 
12 and the base layer 11 during an embossing process. 
The packaging laminated sheet provided with the alu- 
minum foil having both the surfaces processed by ihe 

20 chemical conversion treatment may be used for forming 
pouches. 

[0368] The inventors of the present invention made 
studies to develop a laminating method capable of lam- 
inating layers so that the layers are kept bonded with 
^5 stable adhesive strength and fabricated a laminated 
sheet having component layers bonded with predeter- 
mined adhesive strength by forming the packaging lam- 
inated sheet 1 0 by the steps of laminating the base layer 
11 to one surface processed by chemical conversion 
30 treatment (coating 15a) of the barrier layer 12 by a dry 
lamination method., and forming the laminated film of the 
adhesive resin layer 1 3 of a PEa resin and the innermost 
layer 14 of a PE resin on the other surface 15b proc- 
essed by the chemical conversion treatment of the bar- 
rier layer 1 2 by a coextrusion lamination method to form 
a laminated structure, and heating the laminated struc- 
ture at a temperature not lower than the softening point 
of the PEa resin forming the adhesive resin layer 13. 
[0369] The packaging laminated sheet 10 may be 
heated by any one of a contact heating method using a 
hot roller, a hot air heating method using hot air and an 
infrared heating method using near or far infrared rays, 
provided that the PEa resin forming the adhesive resin 
layer 13 can be heated at a temperature not lower than 
the softening point thereof. 

[0370] A packaging laminated sheet having compo- 
nent layers bonded together with stable adhesive 
strength can be formed by another method that heats 
the surface on the side of the innermost layer 14 of the 
aluminum foil 1 2 at a temperature not lower than the sof- 
tening point of the PEa resin forming the adhesive resin 
layer 13 when forming the adhesive resin layer 13 and 
the innermost layer 14 by a coextrusion lamination 
method. 

[0371] The PEa resin is a simple resin produced by 
denaturing a base resin such as (1 ) a linear low-density 
polyethylene resin (LLDPE resin) having a density of 
0,91 g/cm 3 or above, a Vicat softening point of 80 °C or 
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above and a melting point of 1 1 0 °C or above, (2) a me- 
dium-density polyethylene resin (MDPE resin) having a 
density of 0.92 g/cm 3 or above, a Vicat softening point 
of 80 °C or above and a melting point of 1 1 5 °C or above 
or (3) a high-density polyethylene resin (HDPE resin) 5 
having a density of 0.92 g/cm 3 or above, a Vicat soften- 
ing point of 90 °C or above and a melting point of 125 
°C or above by using an unsaturated carboxylic acid, or 
a blend of some of those resins, 

[0372] The PEa resin forming the adhesive resin layer 10 
13 may contain 5% or above of a low-crystalline elhyl- 
ene-butene copolymer having a density of 900 kg/m 3 or 
below, a low-crystalline propylene-butene copolymer, 
an amorphous ethylene-propylene copolymer, an amor- 
phous propylene-ethylene copolymer or an ethylene- is 
butene-propylene terpolymer to give the adhesive resin 
layer 13 flexibility, to improve bendabillty and to prevent 
cracking during a forming process. 
[0373] The packaging laminated sheet 10 of the 
present invention may include, in addition to the base 20 
layer 11, the barrier layer 12, the adhesive resin layer 

13 and the innermost layer (heat-sealable resin layer) 

14 of the PE resin, an intermediate layer sandwiched 
between the barrier layer 12 and the adhesive resin lay- 
er 1 3 to improve the strength of the packaging laminated 25 
sheet 1 0 as a polymer battery module packaging sheet 
and to improve and stabilize the impermeability of the 
packaging laminated sheet 10. 

[0374] The component layers of the packaging lami- 
nated sheet of the present invention may be processed 30 
by a surface activating treatment, such as a corona dis- 
charge treatment, a blasting treatment, an oxidation 
treatment or ozone treatment, to improve and stabilize 
film forming property, lamination property, formability 
(ease of forming pouches or embossed packages). 35 
[0375] PE resins are suitable for forming the inner- 
most layer (heat-sealable resin layer) 14 of the packag- 
ing laminated sheet 10. Films of a PE resin can be easily 
bonded together by heat-sealing, meet protective prop- 
erties including moistureproof property and heat resist- 40 
ance required of the heat-sealable resin layer of a pol- 
ymer battery module packaging sheet, and have desir- 
able properties suitable for lamination and embossing. 
[0376] The innermost layer (heat-sealable resin layer) 
1 4 is a single film or a multilayer film of (1 ) a linear low- 45 
density polyethylene resin (LLDPE resin) having a den- 
sity of 0.91 g/cm 3 or above, a Vicat softening point of 80 
°C or above and a melting point of 1 1 0 °C or above, (2) 
a medium-density polyethylene resin (MDPE resin) hav- 
ing a density of 0.92 g/cm 3 or above, a Vicat softening so 
point of 80 °C or above and a melting point of 1 1 5 °C or 
above, (3) a high-density polyethylene resin (HDPE res- 
in) having a density of 0.94 g/cm 3 or above, a Vicat sof- 
tening point of 90 °C or above and a melting point of 1 25 
°C or above or a blend of some of those resins, 55 
[0377] The PE resin may contain 5% or above of a 
low-crystalline ethylene-butene copolymer having a 
density of 900 kg/m 3 or below, a low-crystalline propyl- 



ene-butene copolymer an amorphous ethylene-propyl- 
ene copolymer, an amorphous propylene-ethylene co- 
polymer or an ethylene-butene-propylene terpolymer to 
give the PE resin film flexibility, to improve bendability 
and to prevent cracking during a forming process. A PP 
resin may be added to the PE resin to make the pack- 
aging laminated sheet slide smoothly in an embossing 
process or a pouch forming process. 
[0378] Desirably, the base layer 11 of the packaging 
laminated sheet of the present invention is bonded to 
the su rface processed by the chemical conversion treat- 
ment (coating 15a) of the barrier layer 12 by a dry lam- 
ination method. 

[0379] Possible adhesive resins for forming the bond- 
ing layer 1 6 for bonding the base layer 1 1 to the surface 
processed by the chemical conversion treatment (coat- 
ing 15a) of the aluminum foil 12 are polyester resins, 
polyethylene imlne resins, polyether resins, cyanoacr- 
ylale resins, urelhane resins, organic titanium com- 
pounds, polyether-urethane resins, epoxy reins, polyes- 
ter-urethane resins, imide resins, isocyanate resins, 
polyolefin resins and silicone resins. 

Examples 

[0380] Examples of the packaging laminated sheet in 
the seventh embodiment will be described. 
[0381] The chemical conversion treatment used an 
aqueous solution of a phenolic resin, a chromium fluo- 
ride compound and phosphoric acid as a processing liq- 
uid. The processing liquid was applied to the surface of 
the aluminum foil by a roll coating method in a film ; and 
the film was baked at 180 °C or above. The weight per 
unit area of the film was 10 mg/m 2 (dry weight). 
[0382] Examples of the packaging laminated sheet in 
the seventh embodiment will be described. 
[0383] Packaging laminated sheets in Example 7-1 
and Comparative examples 7-2, 7-3 and 7-5 were proc- 
essed to form 50 mm wide and 80 mm long pillow type 
pouches. Polymer battery modules were packaged and 
sealed in the pillow type pouches, respectively. 
[0384] Packaging laminated sheets in Comparative 
examples 7-2, 7-4 and 7-6 were processed to form em- 
bossed package bodies each provided with a hollow 
part of 30 mm x 50 mm x 3.5 mm. 
[0385] A 20 u.m thick adhesive film of an unsaturated 
carboxylic acid graft linear low-density PE resin was 
wound around parts of tabs of polymer battery modules 
corresponding to heat-sealed parts of the pouches and 
the embossed packages. 

Example 7-1 (Pouch) 

[0386] Both the surfaces of a 20 pm thick aluminum 
foil were subjected to chemical conversion treatment. A 
16 |.im thick oriented polyester resin film was laminated 
to one of the surfaces of the aluminum foil by a dry lam- 
ination method. A laminated film of a 20 win thick film 
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(adhesive resin layer) of a PEa resin having a softening 
point of 90 °C and a melting point of 122 °C and a 30 
Mm thick film of an LLDPE resin was formed on the other 
surface of the aluminum foil by a coextrusion lamination 
method to form a laminated sheet. The laminated sheet 
was heated so that the surfaces of the aluminum foil 
were heated at 110 °C to obtain sample packaging lam- 
inated sheets in Example 7-1. 

Comparative example 7-1 (Pouch) 

[0387] Both the surfaces of a 20 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
1 2 urn thick polyester resin film was laminated to one of 
the surfaces of the aluminum foil by a dry lamination 
method. A laminated film of a 20 jim thick film of a PEa 
resin having a softening point of 90 °C and a melting 
point of 122 °C (20 um thick film of an LLDPE resin hav- 
ing a softening point of 115 °C and a melting point of 
123 °C) and a 30 um thick film of an LLDPE resin having 
a softening point of 115 °C and a melting point of 123 
°C) was formed by a coextrusion lamination method on 
the other surface of the aluminum foil to obtain sample 
packaging laminated sheets in Comparative example 
7-1. 

Comparative example 7-2 (Embossed package) 

[0388] Both the surfaces of a 40 u.m thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 um thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 um thick film of a PEa resin 
(HDPE) having a softening point of 120 °C and a melting 
point of 1 30 °C and a 30 um thick film of an HDPE resin 
having a softening point of 125 C C and a melting point 
of 132 °C was formed on the other surface of the alumi- 
num foil by a coextrusion lamination method to obtain 
sample packaging laminated sheets in Comparative ex- 
ample 7-2. 

Comparative example 7-3 (Pouch) 

[0389] A 20 urn thick oriented polyester resin film was 
laminated to one of the surfaces of a 20 um thick alumi- 
num foil by a dry lamination method. A laminated film of 
a 20 urn thick film of a PEa resin (LLDPE) having a sof- 
tening point of 90 °C and a melting point of 1 15 °C and 
a 30 um thick film of an LLDPE resin having a softening 
point of 11 5 °C and a melting point of 1 23 °C was formed 
on the other surface of the aluminum foil to form a lam- 
inated sheet. The laminated sheet was heated so that 
the surfaces of the aluminum foil was heated at 1 30 °C 
to obtain sample laminated packaging sheets in Com- 
parative example 7-3. 



Comparative example 7-4 (Embossed package) 

[0390] A 25 um thick nylon film was bonded to one of 
the surfaces of a 40 um thick aluminum foil by a dry lam- 

s ination method. A laminated film of a film of a PEa 
(HDPE) having a softening point of 1 20 °C and a melting 
point of 1 30 °C and a 30 um thick film of an HDPE resin 
having a softening point of 125 °C and a melting point 
of 1 32 °C was formed by a coextrusion lamination meth- 

10 od to form a laminated sheet. The laminated sheet was 
heated so that the surfaces of the aluminum foil were 
heated at 1 50 °C to obtain sample packaging laminated 
sheets in Comparative example 7-4. 

*5 Comparative example 7-5 (Pouch) 

[0391] An oriented polyester film was bonded to one 
of the surfaces of a 20 urn thick aluminum foil by a dry 
lamination method. A laminated film of a 20 urn thick film 

20 of a PPa resin having a softening point of 1 20 °C and a 
30 um thick film of a PP resin having a softening point 
of 140 °C and a melting point of 157 °C was formed on 
the other surface of the aluminum foil by a coextrusion 
lamination method to form a laminated sheet. The lam- 

25 inated sheet was heated so that the surfaces of the alu- 
minum foil were heated at 1 50 °C to obtain sample pack- 
aging laminated sheets in Comparative example 7-5. 

Comparative example 7-6 (Pouch) 

30 

[0392] An oriented polyester film was bonded to one 
of the surfaces of a 40 jam thick aluminum foil by a dry 
lamination method. A laminated film of a 20 um thick film 
of a PPa resin having a softening point of 1 20 °C and a 

35 30 um thick film of a PP resin having a softening point 
of 140 °C and a melting point of 157 °C was formed on 
the other surface of the aluminum foil by a coextrusion 
lamination method to form a laminated sheet. The lam- 
inated sheet was heated so that the surfaces of the alu- 

40 minum foil were heated at 1 50 °C to obtain sample pack- 
aging laminated sheets in Comparative example 7-6. 

Pouch Formation, Embossing and Packaging 

is [0393] The sample packaging laminated sheets in Ex- 
ample 7-1 and Comparative examples 7-1 . 7-3 and 7-5 
were subjected to a pouch forming process to form 
pouches. The sample packaging laminated sheets in 
Comparative examples 7-2, 7-4 and 7-6 were subjected 

50 to an embossing process to form packages. Polymer 
battery modules were packaged in the pouches and the 
embossed packages to form polymer batteries. The pol- 
ymer batteries were evaluated by the following meth- 
ods. 

55 
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Evaluating Methods 

1) Delamination during Forming 

[0394] Samples were inspected for the separation of s 
the base layer and the aluminum foil immediately after 
forming. 

2) Chemical Resistance Test 

10 

[0395] Samples were inspected for the separation of 
the aluminum foil and the innermost layer after keeping 
the samples in an atmosphere of 60 °C and 90% RH in 
a thermostat for seven days. 

15 

3) Delamination during Heat-sealing Process 

[0396] Samples were inspected for the separation of 
the innermosl layer and ihe aluminum foil immedialely 
after heat-sealing. 20 

4) Low-temperature Resistance 

[0397] Each of sample packages was prepared by 
sealing an object in the package formed by processing 25 
the sample packaging laminated sheet by sealing the 
opening of the package by a heat-sealing process and 
the sample packages were dropped from a height of 50 
cm in a cold environment of -40 °C. Heat-sealed parts 
of the packages were examined for cracks. 30 

Results 

[0398] Sample packaging laminated sheets in Exam- 
ples 7-1 and 7-2 were not delaminated by embossing, 35 
heat-sealing and the effect of the polymer battery mod- 
ules. Any cracks were not formed in the heat-sealed 
parts by low-temperature resistance tests performed in 
the cold environment of -40 °C. 

[0399] Sample packaging laminated sheets in Com- 40 
parative examples 7-1 , 7-2, 7-3 and 7-5 were not dela- 
minated by heat-sealing. Sample packaging laminated 
sheets in Comparative example 7-2 were not delaminat- 
ed by embossing. The innermost layers of all the hun- 
dred sample packaging laminated sheets in Compara- 45 
tive examples 7-1 , 7-2, 7-3 and 7-5 were separated from 
the aluminum foils, respectively. 
[0400] Forty sample packaging laminated sheets out 
of the hundred sample packaging laminated sheets in 
Comparative example 7-4 and forty-six sample packag- so 
ing laminated sheets out of the hundred sample pack- 
aging laminated sheets in Comparative example 7-6 
were delaminated by heat-sealing. All the hundred sam- 
ple packaging laminated sheets in each of Comparative 
examples 7-4 and 7-6 were delaminated by the chemi- 55 
cal resistance test. 

[0401] Cracks were formed in the heat-sealed parts 
of the twenty sample packaging laminated sheets out of 



the hundred sample packaging sheets in each of Com- 
parative examples 7-5 and 7-6 when the sample poly- 
mer batteries were dropped from a height of 50 cm in 
the low-temperature environment of -40 °C. 
[0402] The chemical conversion treatment of the op- 
posite surfaces of the aluminum foil prevents the sepa- 
ration of the base layer and the aluminum foil during em- 
bossing and heat-sealing. The separation of the alumi- 
num foil and the innermost layer can be prevented be- 
cause the surfaces of the aluminum foil are not corroded 
by hydrogen fluoride that may be produced by interac- 
tion between the electrolyte of the polymer battery mod- 
ule and moisture. 

[0403] The laminated resin layer of the PEa resin and 
the PE resin can be efficiently formed by the coextrusion 
lamination method. Postheating can enhance the adhe- 
sive strength between the adjacent layers of the pack- 
aging laminated sheet. Thus, the laminated packaging 
structure or the sevenlh embodiment can be used for 
packaging polymer battery modules. 

Eighth Embodiment 

[0404] A packaging laminated sheet, i.e., a polymer 
battery module packaging sheet, in an eighth embodi- 
ment according to the present invention has a moisture- 
proof property, and is resistant to the detrimental effects 
of the polymer battery module and capable of being 
manufactured at a high productivity. When forming the 
packaging laminated sheet, the opposite surfaces of a 
barrier layer are subjected to chemical conversion treat- 
ment, a heat-sealable resin film of a PE resin is laminat- 
ed to one of the surfaces of the barrier layer by a sand- 
wich lamination method, to form a laminated sheet and 
the laminated sheet is subjected to a heating process to 
enhance the adhesive strength between the component 
layers. 

[0405] The inventors of the present invention made 
earnest studies to develop a packaging laminated 
sheet, i.e., a polymer battery module packaging sheet, 
that will not be delaminated by embossing and heat- 
sealing and has satisfactory properties required of bat- 
tery module packaging sheets for packaging a polymer 
battery, including chemical resistance to the detrimental 
effects of a polymer battery module, found that the fore- 
going problems can be solved by subjecting both the 
surfaces of an aluminum foil to chemical conversion 
treatment, forming a resin layer of a PEa resin, such as 
an unsaturated carboxylic acid graft linear polyethylene 
resin, and a PE resin film as an adhesive resin layer on 
the inner surface of the aluminum foil by a sandwich lam- 
ination method and subjecting a laminated sheet thus 
formed to postheating and have made the present in- 
vention. 

[0406] As shown in Figs. 5(b) and 5(c), a packaging 
laminated sheet 1 0, i.e., a polymer battery module pack- 
aging sheet, in the eighth embodiment has, as essential 
components, a base layer 11, a bonding layer 16, a 
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chemical conversion coating 15a, an aluminum foil (bar- 
rier layer) 1 2, a chemical conversion coating 1 5b, an ad- 
hesive resin layer 1 3 and a heat-sealable resin layer (PE 
resin layer) 14. The adhesive resin layer 13 and the 
heat-sealable resin layer 14 are formed by a sandwich 
lamination method. The packaging laminated sheet 10 
is subjected to postheating after the same has been 
formed to enhance the adhesive strength between the 
component layers. The adhesive resin layer 1 3 and the 
heat-sealable resin layer 1 4 constitute an innermost lay- 
er. 

[0407] As shown in Figs. 5(b) and 5(c), the present 
invention coats both the surfaces of the aluminum foil 
(barrier layer) 1 2 with the chemical conversion coatings 
15a and 15b, forms the adhesive resin layer 13 and the 
heat-sealable resin layer 14 by sandwich lamination on 
the inner surface of the aluminum foil 12 to form the lam- 
inated sheet 10 and heats the laminated sheet 10 by 
post healing al a temperature not lower than the soften- 
ing point of the PEa resin forming the adhesive resin 
layer 13. 

[0408] As shown in Figs. 5(b) and 5(c), the packaging 
laminated sheet 10 of the present invention has at least 
the base layer 1 1 , the chemical conversion coating 1 5a, 
the aluminum foil 12, the chemical conversion coating 
15b, the adhesive resin layer 13 and the heat-sealable 
resin layer 1 4. The adhesive resin layer 1 3 and the heat- 
sealable resin layer 14 are formed by a coextrusion lam- 
ination method. The heat-sealable resin layer 14 is 
formed by a sandwich lamination method. The heat- 
sealable resin layer 14 is a nonoriented PE resin film. 
When the packaging laminated sheet 10 is intended for 
forming an embossed package body 5a as shown in Fig. 
2, the packaging laminated sheet 10 must be excellent 
in formability to form the hollow part 7 for holding a pol- 
ymer battery module 2. Materials of the layers of the 
packaging laminated sheet 1 0 and processes for bond- 
ing the layers will be described hereinafter. 
[0409] The base layer 11 is an oriented polyester film 
or an oriented nylon film. Possible polyester resins for 
forming the base layer 11 are PET resins, PBT resins, 
PEN resins, PBN resins, interpolyester resins, PC res- 
ins and the like. Possible nylon resins for forming the 
base layer 11 are potyamide resins including nylon 6, 
nylon 66, copolymers of nylon 6 and nylon 66, nylon 61 0, 
polymethaxylilene adipamide (MXD6) and the like. 
[0410] When a polymer battery using the packaging 
laminated sheet 10 is used on a piece of hardware, the 
base layer 11 comes into direct contact with the piece 
of hardware. Therefore ; it is basically desirable to form 
the base layer 11 of an intrinsically insulating resin. 
Since a film forming the base layer 11 has pinholes and 
pinholes will be formed in the film during processing, the 
thickness of the base layer 11 must be 6 jim or above, 
preferably, in the range of 1 2 to 25 ^im. 
[0411] The base layer 11 may be a laminated film in 
view of providing the base layer 11 with pinhole resist- 
ance and improved insulating ability. 



[0412] A laminated film for the base layer 1 1 includes 
at least one resin layer consisting of two or more layers 
each having a thickness of 6 u,m or above, preferably., 
in the range of 12 to 25 urn. The following laminated 
5 structures 1 ) to 7), not shown, are examples of the lam- 
inated base layer 11. 

1) Oriented PET resin layer/Oriented nylon layer 

2) Oriented nylon layer/Oriented PET resin layer 
10 To improve the mechanical aptitude (stability 

when passed through processing machines and a 
packaging machine) and surface protecting ability 
(heat resistance and electrolyte resistance) of the 
packaging sheet and to reduce friction between a 

15 die and the base layer 11 when forming an em- 
bossed package, it is preferable that the base layer 
11 consists of plural layers and the surface of the 
base layer 11 is coated with a fluorocarbon resin, 
an acrylic resin or a silicone resin. The base layer 

20 11 may be any one of the following laminated films. 

3) Fluorocarbon resin layer/Oriented PET resin lay- 
er(the fluorocarbon resin layer may be a fluorocar- 
bon resin film or a film formed by spreading a liquid 
fluorocarbon resin in a film and drying the same.) 

25 4) Silicone resin layer/Oriented PET resin layer (the 
silicone resin layer may be a silicone resin film or a 
film formed by spreading a liquid silicone resin in a 
film and drying the same.) 

5) Fluorocarbon resin layer/Oriented PET resin lay- 
30 er/Ortented nylon layer 

6) Silicone resin layer/Oriented PET resin layer/Ori- 
ented nylon layer 

7) Acrylic resin layer/Oriented nylon layer (the acryl- 
ic resin layer may be an acrylic resin film or a film 

35 formed by spreading an acrylic resin and drying the 
same.) 

[0413] The barrier layer (aluminum foil) 12 prevents 
the penetration of moisture into the polymer battery. To 

40 avoid the adverse effect of pinholes that may be formed 
in the barrier layer 12, to stabilize the workability (ease 
of fabricating pouches or embossing) and to provide the 
barrier layer 12 with pinhole resistance, the barrier layer 
1 2 has a thickness of 1 5 um or above and is formed from 

45 a metal foil, such as an aluminum foil or a nickel foil, or 
a film coated with an inorganic compound, such as sili- 
con dioxide or alumina, by evaporation. Preferably, the 
barrier layer 12 is an aluminum foil of a thickness in the 
range of 20 to 80 um. 

so [0414] The inventors of the present invention made 
studies to reduce pinholes and to prevent the cracking 
of an embossed package and found that aluminum hav- 
ing an iron content in the range of 0.3 to 9.0% by weight, 
preferably, 0.7 to 2.0% by weight is more satisfactory in 

55 ductility than aluminum not containing any iron, an alu- 
minum foil of such aluminum is less subject to the for- 
mation of pinholes when the packaging laminated sheet 
is bent and is more capable of facilitating forming the 
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side walls of the embossed package than an aluminum 
foil of aluminum not containing any iron. Aluminum foils 
of aluminum having an iron content less than 0.3% by 
weight are not satisfactorily pinhole-resistant and do not 
improve the formability of the packaging laminated 5 
sheet. Aluminum foils of aluminum having an iron con- 
tent exceeding 0.9% by weight are unsatisfactory in flex- 
ibility and affect adversely to the workability of the pack- 
aging laminated sheet in forming a pouch. 
[0415] The flexibility, stiffness and hardness of an alu- 10 
minum foil formed by cold rolling are dependent on an- 
nealing conditions. The present invention prefers rather 
soft, slightly or completely annealed aluminum foils to 
those treated by a hardening process and not annealed. 
[0416] Annealing conditions that affect the flexibility, 15 
stiffness and hardness of aluminum foils may be prop- 
erly determined according to the required workability 
(ease of forming pouches or embossed packages) of the 
packaging laminated sheet. For example, to prevent Ihe 
formation of creases or pinholes in making a package 20 
by an embossing process, a soft aluminum foil properly 
annealed according to the degree of forming may be 
used. 

[0417] The inventors of the present invention found 
through studies that a satisfactory packaging laminated 25 
sheet can be formed when both the surfaces of the bar- 
rier layer 12 of aluminum are processed by chemical 
conversion treatment. The chemical conversion treat- 
ment forms an acid-resistant film of a phosphate, a chro- 
mate, a fluoride or a triazine thiol compound. The acid- 30 
resistant film prevents the separation of the aluminum 
foil and the base layer during an embossing process, 
and the dissolution and corrosion of the surfaces of the 
aluminum foil, particularly, aluminum oxide films coating 
the aluminum foil, by hydrogen fluoride produced by the 35 
interaction of the electrolyte of the polymer battery mod- 
ule and moisture, improves the adhesive property (wet- 
tability)of the surfaces of the aluminum foil, and prevents 
the separation of the aluminum foil and the base layer 
during an embossing process and a heat-sealing proc- 40 
ess and the separation of the aluminum foil and the heat- 
sealable resin layer due to the effect of hydrogen fluo- 
ride produced by the interaction of the electrolyte and 
moisture. 

[0418] It was found through the examination of vari- 45 
ous chemical conversion treatment methods using var- 
ious substances that chemical conversion treatment 
method using a mixture of a phenolic resin, trivalent 
chromium fluoride and phosphoric acid forms a satisfac- 
tory acid-resistant film. so 
[0419] When the packaging laminated sheet is to be 
used for forming a pouch for containing a polymer bat- 
tery module, only the inner surface of the aluminum foil 
on the side of the innermost layer 14 may be processed 
by chemical conversion treatment. 55 
[0420] When the packaging laminated sheet is to be 
used for forming an embossed package for containing 
a polymer battery module, both the surfaces of the alu- 



minum foil 12 are processed by chemical conversion 
treatment to prevent the separation of the aluminum foil 
12 and the base layer 11 during an embossing process. 
The packaging laminated sheet provided with the alu- 
minum foil having both the surfaces processed by the 
chemical conversion treatment may be used for forming 
pouches. 

[0421] The inventors of the present invention made 
studies to develop a laminating method capable of lam- 
inating layers so that the layers are kept bonded with 
stable adhesive strength without applying and baking a 
PEa resin, and fabricated a laminated sheet 10 having 
component layers bonded with predetermined adhesive 
strength by a method including the steps of laminating 
the base layer 11 to one surface 15a of the surfaces 
treated by chemical conversion treatment of the barrier 
layer 1 2 by a dry lamination method, and forming a lam- 
inated film of the adhesive resin layer 13 of a PEa resin 
and the innermost layer 14 of a PE resin on the other 
surface 15b processed by the chemical conversion 
treatment of the barrier layer 12 by a sandwich lamina- 
tion method to form a laminated structure, and heating 
the laminated structure at a temperature not lower than 
the softening point of the PEa resin forming the adhesive 
resin layer 13. 

[0422] The packaging laminated sheet 10 'may be 
heated by any one of a contact heating method using a 
hot roller, a hot air heating method using hot air and an 
infrared heating method using near or far infrared rays, 
provided that the PEa resin forming the adhesive resin 
layer 13 can be heated at a temperature not lower than 
the softening point thereof. 

[0423] A packaging laminated sheet having compo- 
nent layers bonded together with stable adhesive 
strength can be formed by another method that heats 
the surface on the side of the innermost layer (heat-seal- 
able resin layer) 1 4 of the aluminum foil 1 2 at a temper- 
ature not lower than the softening point of the PEa resin 
forming the adhesive resin layer 13 when forming the 
adhesive resin layer 13 and the innermost layer 14 by 
a sandwich lamination method. 
[0424] The PEa resin is a simple resin produced by 
denaturing a base resin such as (1 ) a linear low-density 
polyethylene resin (LLDPE resin) having a density of 
0.91 g/cm 3 or above, a Vicat softening point of 80 °C or 
above and a melting point of 1 1 0 °C or above, (2) a me- 
dium-density polyethylene resin (MDPE resin) having a 
density of 0.92 g/cm 3 or above, a Vicat softening point 
of 80 °C or above and a melting point of 1 1 5 °C or above 
or (3) a high-density polyethylene resin (HDPE resin) 
having a density of 0.92 g/cm 3 or above, a Vicat soften- 
ing point of 90 °C or above and a melting point of 125 
°C or above by using an unsaturated carboxylic acid, or 
a blend of some of those resins. 
[0425] The PEa resin forming the adhesive resin layer 
13 may contain 5% or above of a low-crystalline ethyl- 
ene-butene copolymer having a density of 900 kg/m 3 or 
below, a low-crystalline propylene-butene copolymer, 
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an amorphous ethylene-propylene copolymer, an amor- 
phous propylene-ethylene copolymer or an ethylene- 
butene-propylene terpolymerto give the adhesive resin 
layer 13 flexibility, to improve bendability and to prevent 
cracking during a forming process. 
[0426] The packaging laminated sheet 10 of the 
present invention may include, in addition to the base 
layer 11, the barrier layer 12, the adhesive resin layer 

13 and the innermost layer (heat-sealable resin layer) 
14, an intermediate layer sandwiched between the bar- 
rier layer 12 and the innermost layer 14 to improve the 
strength of the packaging laminated sheet 10 as a pol- 
ymer battery module packaging sheet and to improve 
and stabilize the impermeability of the packaging lami- 
nated sheet 10. 

[0427] The component layers of the packaging lami- 
nated sheet of the present invention may be processed 
by a surface activating treatment, such as a corona dis- 
charge treatment, a blasting treatment, an oxidation 
treatment or ozone treatment, to improve and stabilize 
film forming property, lamination property, formability 
(ease of forming pouches or embossed packages). 
[0428] PE resins are suitable for forming the inner- 
most layer (heat-soalabte resin layer) 14 of the packag- 
ing laminated sheet 10. Films of a PE resin can be easily 
bonded together by heat-sealing : meet protective prop- 
erties including moistureproof property and heat resist- 
ance required of the heat-sealable resin layer of a pol- 
ymer battery module packaging sheet, and have desir- 
able properties suitable for lamination and embossing. 
[0429] The innermost layer (heat-sealable resin layer) 

14 is a single film or a multilayer film of (1) a linear low- 
density polyethylene resin (LLDPE resin) having a den- 
sity of 0.91 g/cm 3 or above, a Vicat softening point of 80 
°C or above and a melting point of 110°C or above, (2) 
a medium-density polyethylene resin (MDPE resin) hav- 
ing a density of 0,92 g/cm 3 or above, a Vicat softening 
point of 80 °C or above and a melting point of 115 °C or 
above, (3) a high-density polyethylene resin (HDPE res- 
in) having a density of 0.94 g/cm 3 or above, a Vicat sof- 
tening point of 90 °C or above and a melting point of 1 25 
°C or above, or a blend of some of those resins. 
[0430] The PE resin may contain 5% or above of a 
low-crystalline ethylene-butene copolymer having a 
density of 900 kg/m 3 or below, a low-crystalline propyl- 
ene-butene copolymer, an amorphous ethylene-propyl- 
ene copolymer, an amorphous propylene-ethylene co- 
polymer or an ethylene-butene-propylene terpolymerto 
give the PE resin film flexibility, to improve bendability 
and to prevent cracking during a forming process. A PP 
resin may be added to the PE resin to make the pack- 
aging laminated sheet slide smoothly in an embossing 
process or a pouch forming process. 

[0431] Desirably, the base layer 11 of the packaging 
laminated sheet of the present invention is bonded to 
the surface processed by the chemical conversion treat- 
ment (coating 15a) of the barrier layer 12 by a dry lam- 
ination method. 



[0432] Possible adhesive resins for forming the bond- 
ing layer 1 6 for bonding the base layer 1 1 to the surface 
processed by the chemical conversion treatment (coat- 
ing 15a) of the aluminum foil 12 are polyester resins. 
5 polyethylene imine resins, polyether resins, cyanoacr- 
ylate resins, urethane resins, organic titanium com- 
pounds, polyether-urethane resins, epoxy reins, polyes- 
ter-urethane resins, imide resins, isocyanate resins, 
polyolefin resins and silicone resins. 

w 

Examples 

[0433] Examples of the packaging laminated sheet in 
the eighth embodiment will be described. 

15 [0434] The chemical conversion treatment used an 
aqueous solution of a phenolic resin, a chromium fluo- 
ride compound and phosphoric acid as a processing liq- 
uid. The processing liquid was applied to the surface of 
the aluminum foil by a roll coaling method in a fitm : and 

20 the film was baked at 1 80 °C or above. The weight per 
unit area of the film was 10 mg/m 2 (dry weight). 
[0435] Examples of the packaging laminated sheet in 
the eighth embodiment will be described. 
[0436] Packaging laminated sheets in Example 8-1 

25 and Comparative examples 8-1 , 8-3 and 8-5 were proc- 
essed to form 50 mm wide and 80 mm long pillow type 
pouches. Polymer battery modules were packaged and 
sealed in the pillow type pouches, respectively. 
[0437] Packaging laminated sheets in Example 8-2 

30 and Comparative examples 8-2, 8-4 and 8-6 were proc- 
essed to form embossed package bodies each provided 
with a hollow part of 30 mm x 50 mm x 3.5 mm. 
[0438] A 20 nm thick adhesive film of an unsaturated 
carboxylic acid graft linear low-density PE resin was 

35 wound around parts of tabs of polymer battery modules 
corresponding to heat-sealed parts of the pouches and 
the embossed packages. 

Example 8-1 (Pouch) 

40 

[0439] Both the surfaces of a 20 u,m thick aluminum 
foil were subjected to chemical conversion treatment. A 
16 urn thick oriented polyester resin film was laminated 
to one of the surfaces of the aluminum foil by a dry lam- 

45 ination method. A laminated film of a 20 |xm thick film 
(adhesive resin layer) of a PEa resin having a softening 
point of 90 °C and a melting point of 122 °C and a 30 
um thick film of an LLDPE resin having a softening point 
of 115°C and a melting point of 123 °C was formed on 

50 the other surface of the aluminum foil by a sandwich 
lamination method to form a laminated sheet. The lam- 
inated shoot was heated so that the surfaces of the alu- 
minum foil were heated at 1 1 0 °C to obtain sample pack- 
aging laminated sheets in Example 8-1 . 

55 

Example 8-2 (Embossed package) 

[0440] Both the surfaces of a 40 (im thick aluminum 
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foil were subjected to chemical conversion treatment. A 
25 urn thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 Mm thick film (adhesive resin 
layer) of a PEa resin (HDPE resin) having a softening 
point of 120 °C and a melting point of 130 °C and a 30 
urn thick film of an HDPE resin having a softening point 
of 125°C and a melting point of 132 °C was formed on 
the other surface of the aluminum foil by a sandwich 
lamination method to form a laminated sheet. The lam- 
inated sheet was heated so that the surfaces of the alu- 
minum foil were heated at 1 40 °C to obtain sample pack- 
aging laminated sheets in Example 8-2. 

Comparative example 8-1 (Pouch) 

[0441] Both the surfaces of a 20 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
12 |im thick oriented polyester resin film was laminated 
to one of the surfaces of the aluminum foil by a dry lam- 
ination method. A laminated film of a 20 urn thick film of 
a PEa resin having a softening point of 90 °C and a melt- 
ing point of 122 °C (LLDPE resin having a softening 
point of 150 °C and a melting point of 123 °C) and a 30 
urn thick film of an LLDPE resin was formed by a sand- 
wich lamination method on the other surface of the alu- 
minum foil to obtain sample packaging laminated sheets 
in Comparative example 8-1 . 

Comparative example 8-2 (Embossed package) 

[0442] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 u.m thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A 20 jim thick film of a PEa resin (HDPE) having a sof- 
tening point of 1 20 °C and a melting point of 130 °C and 
a 30 ujti thick film of an HDPE resin having a softening 
point of 125 °C and a melting point of 132 °C were 
formed on the other surface of the aluminum foil by a 
sandwich lamination method to obtain sample packag- 
ing laminated sheets in Comparative example 8-2. 

Comparative example 8-3 (Pouch) 

[0443] An oriented polyester resin film was laminated 
to one of the surfaces of a 20 ujti thick aluminum foil by 
a dry lamination method. A laminated film of a 20 urn 
thick film of a PEa resin (LLDPE) having a softening 
point of 90 °C or above and a melting point of 115 °C 
and a 30 urn thick film of an LLDPE resin having a sof- 
tening point of 1 1 5 °C and a melting point of 1 23 °C was 
formed by a sandwich lamination method on the other 
surface of the aluminum foil to form a laminated sheet. 
The laminated sheet was heated so that the surfaces of 
the aluminum foil was heated at 1 30 °C to obtain sample 
laminated packaging sheets in Comparative example 
8-3. 



Comparative example 8-4 (Embossed package) 

[0444] A 25 urn thick nylon film was bonded to one of 
the surfaces of a 40 urn thick aluminum foil by a dry lam- 

5 ination method, A laminated film of a film of a PEa 
(HDPE) having a softening point of 1 20 °C and a melting 
point of 1 30 °C and a 30 am thick film of an HDPE resin 
having a softening point of 125 °C and a melting point 
of 132 °C was formed by a sandwich lamination method 

10 to form a laminated sheet. The laminated sheet was 
heated so that the surfaces of the aluminum foil were 
heated at 150 °C to obtain sample packaging laminated 
sheets in Comparative example 8-4. 



15 



Comparative example 8-5 (Pouch) 



[0445] An oriented polyester film was bonded to one 
of the surfaces of a 20 jim thick aluminum foil by a dry 
lamination method. A laminated film of a 20 urn thick film 

20 of a PPa resin having a softening point of 1 20 °C and a 
30 urn thick film of a PP resin having a softening point 
of 140 °C and a melting point of 157 °C was formed on 
the other surface of the aluminum foil by a sandwich 
lamination method to form a laminated sheet. The lam- 

25 inated sheet was heated so that the surfaces of the alu- 
minum foil were heated at 1 50 °C to obtain sample pack- 
aging laminated sheets in Comparative example 8-5. 



30 



Comparative example 8-6 (Pouch) 



[0446] An oriented polyester film was bonded to one 
of the surfaces of a 40 urn thick aluminum foil by a dry 
lamination method. A laminated film of a 20 urn thick film 
of a PPa resin having a softening point of 1 20 °C and a 
35 30 urn thick film of a PP resin having a softening point 
of 140 °C and a melting point of 157 °C was formed on 
the other surface of the aluminum foil by a sandwich 
lamination method to form a laminated sheet. The lam- 
inated sheet was heated so that the surfaces of the alu- 
40 minum foil were heated at 1 50 °C to obtain sample pack- 
aging laminated sheets in Comparative example 8-6. 

Pouch Formation, Embossing and Packaging 

45 [0447] The sample packaging laminated sheets in Ex- 
ample 8-1 and Comparative examples 8-1 , 8-3 and 8-5 
were subjected to a pouch forming process to form 
pouches. The sample packaging laminated sheets in 
Example 8-2 and Comparative examples 8-2, 8-4 and 
so 8-6 were subjected to an embossing process to form 
packages. Polymer battery modules were packaged in 
the pouches and the embossed packages to form poly- 
mer batteries. The polymer batteries were evaluated by 
the following methods. 

55 
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Evaluating Methods 

1) Delamination during Forming 

[0448] Samples were inspected for the separation of 5 
the base layer and the aluminum foil immediately after 
forming. 

2) Chemical Resistance Test 

10 

[0449J Samples were inspected for the separation of 
the aluminum foil and the PE resin layer after keeping 
the samples in an atmosphere of 60 °C and 90% RH in 
a thermostat for seven days. 

15 

3) Delamination during Heat-sealing Process 

[0450] Samples were inspected for the separation of 
the innermost layer and the aluminum foil immediately 
after heat-sealing. 

4) Low-temperature Resistance 

[0451] Each of sample packages was prepared by 
sealing an object in the package formed by processing 
the sample packaging laminated sheet by sealing the 
opening of the package by a heat-sealing process and 
the sample packages were dropped from a height of 50 
cm in a cold environment of -40 °C. Heat-sealed parts 
of the packages were examined for cracks. 

Results 

[0452] Sample packaging laminated sheets in Exam- 
ples 8-1 and 8-2 were not delaminated by embossing, 
heat-sealing and the effect of the polymer battery mod- 
ules. Any cracks were not formed in the heat-sealed 
parts by low-temperature resistance tests performed in 
the cold environment of -40 °C. 
[0453] Sample packaging laminated sheets in Com- 
parative examples 8-1 , 8-2, 8-3 and 8-5 were not dela- 
minated by heat-sealing. Sample packaging laminated 
sheets in Comparative example 8-2 were not delaminat- 
ed by embossing. The innermost layers of all the hun- 
dred sample packaging laminated sheets in Compara- 
tive examples 8-1 , 8-2, 8-3 and 8-5 were separated from 
the aluminum foils, respectively. 
[0454] Forty sample packaging laminated sheets out 
of hundred sample packaging laminated sheets in Com- 
parative example 8-4 and forty-six sample packaging 
laminated sheets out of hundred sample packaging lam- 
inated sheets in Comparative example 8-6 were delam- 
inated by heat-sealing. All the hundred sample packag- 
ing laminated sheets in each of Comparative examples 
8-4 and 8-6 were delaminated by the chemical resist- 
ance test. 

[0455] Cracks were formed in the heat-sealed parts 
of the twenty sample packaging laminated sheets out of 



the hundred sample packaging sheets in each of Com- 
parative examples 8-5 and 8-6 when the sample poly- 
mer batteries were dropped from a height of 50 cm in 
the low-temperature environment of -40 °C. 
[0456] The chemical conversion treatment of the op- 
posite surfaces of the aluminum foil prevents the sepa- 
ration of the base layer and the aluminum foil during em- 
bossing and heat-sealing. The separation of the alumi- 
num foil and the innermost layer can be prevented be- 
cause the surfaces of the aluminum foil are not corroded 
by hydrogen fluoride that may be produced by interac- 
tion between the electrolyte of the polymer battery mod- 
ule and moisture. 

[0457] The laminated resin layer of the PE resin film 
and the PEa resin layer (adhesive resin layer) can be 
efficiently formed by the sandwich lamination method. 
Postheating can enhance the adhesive strength be- 
tween the adjacent layers of the packaging laminated 
sheet. Thus, the laminated packaging structure of the 
eight embodiment can be used for packaging polymer 
battery modules. 

Ninth Embodiment 

[0458] A packaging laminated sheet, i.e., a polymer 
battery module packaging sheet, in a ninth embodiment 
according to the present invention has a moistureproof 
property, and is resistant to the detrimental effects of the 
polymer battery module and capable of being manufac- 
tured at a high productivity. When forming the packaging 
laminated sheet, the opposite surfaces of a barrier layer 
are subjected to chemical conversion treatment, an in- 
nermost layer is formed of an ERRPP resin or a resin 
containing an ERRPP resin, the innermost layer and an 
adhesive resin layer are laminated by acoextrusion lam- 
ination method to form a laminated sheet and the lami- 
nated sheet is subjected to a heating process to en- 
hance the adhesive strength between the component 
layers. 

[0459] The inventors of the present invention made 
earnest studies to develop such a packaging laminated 
sheet, and found that the foregoing problems can be 
solved by subjecting both the surfaces of an aluminum 
foil to chemical conversion treatment, forming an adhe- 
sive resin layer of a P Pa resin, such as an unsaturated 
carboxylic acid graft random acid-modified polypropyl- 
ene resin, on one of the surfaces of the aluminum foil, 
forming a single-layer or multilayer innermost layer of 
an ERRPP resin or a resin containing an ERRPP resin, 
forming a laminated film of the adhesive resin layer and 
the innermost layer by a coextrusion lamination method, 
and heating the surfaces of the aluminum foil during a 
coextrusion lamination method or the laminated sheet. 
[0460] As shown in Fig. 1 1 (a), a packaging laminated 
sheet 10, i.e., a polymer battery module packaging 
sheet, in the ninth embodiment has, as essential com- 
ponents, a base layer 1 1 , a bonding layer 1 6, a chemical 
conversion coating 15a, an aluminum foil (aluminum 
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layer) 12, a chemical conversion coaling 15b, an adhe- 
sive resin layer 13 and a heat-sealable resin layer (in- 
nermost layer) 1 4. The adhesive resin layer 1 3 is formed 
of a PPa resin and the heat-sealable resin layer 14 is 
formed of an ERRPP resin having an ethylene content 
in the range of 5% to 10% by mol. The heat-sealable 
resin layer 14 may consist of innermost resin films 14a 
and 14b as shown in Fig. 11(b). At least either the inner- 
most resin film 14a or 14b may be formed of an ERRPP 
resin . The adhesive resin layer 1 3 and the heat-sealable 
resin layer 14 constitute an innermost layer. 
[0461] Referring to Fig. 12, when manufacturing the 
packaging laminated sheet 10 provided with the single- 
layer heat-sealable resin layer 14, an extruder 31a ex- 
trudes the adhesive resin layer 13, an extruder 31b ex- 
trudes the heat-sealable resin layer 14, and the adhe- 
sive resin layer 13 and the heat-sealable resin layer 14 
are bonded together by a coextrusion die 32 to obtain a 
molten resin layer 33. The molten resin layer 33 and a 
base layer unwound from a roll 37a are bonded together 
as the same pass between a chill roller 34 and a pres- 
sure roller 35 to form the packaging laminated sheet 1 0. 
The packaging laminated sheet 10 is taken up on a roll 
37. 

[0462] In the coextrusion lamination process or after 
the packaging laminated sheet 10 has been completed, 
the packaging laminated sheet 1 0 is heated to enhance 
the adhesive strength between the chemical conversion 
coating 15b of the aluminum foil 12 and the adhesive 
resin layer 13 so that the packaging laminated sheet 1 0 
meets requirements required of a polymer battery mod- 
ule packaging sheet. The packaging laminated sheet 1 0 
is heated so that the chemical conversion coating 15b 
is heated at a temperature not lower than the softening 
point of the PPa resin or the packaging laminated sheet 
1 0 is subject to post heating to heat the same at a tem- 
perature not lower than the softening point of the PPa 
resin. 

[0463] As shown in Fig. 1 1 (a) or 1 1 (b) , the packaging 
laminated sheet 10, i.e., the polymer battery module 
packaging sheet, of the present invention has, as es- 
sential components, a base layer 11, a chemical con- 
version coating 15a, a barrier layer 12, a chemical con- 
version coating 15b, an adhesive resin layer 13 and a 
heat-sealable resin layer 14. The adhesive resin layer 
13 and the heat-sealable resin layer 14 are formed and 
bonded logelher by a coextrusion lamination method. 
An ERRPP resin film forming the heat-sealable layer 1 4 
is a multilayer film including at least one of layers 14a 
and 14b of an ERRPP resin. 

[0464] Materials of the component layers of the lami- 
nated sheet 10 according to tho present invention and 
methods of laminating the component layers will be de- 
scribed. 

[0465] The base layer 11 of the packaging laminated 
sheet according to the present invention is a film of an 
oriented polyester resin or an oriented nylon resin. Pos- 
sible polyester resins are PET resins, PBT resins, PEN 
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resins, PBN resins, interpolyesler resins, PC resins and 
the like. Possible nylons, i.e., polyamide resins, are ny- 
lon 6, nylon 66, copolymers of nylon 6 and nylon 66. 
nylon 610, polymelhaxylilene adipamide (MXD6) and 
5 the like. 

[0466] When the polymer battery is used on a device 
(hardware), the base layer 11 touches the device. 
Therefore, it is desirable to form the base layer 1 1 of an 
intrinsically insulating resin. Since a film forming the 

10 base layer 1 1 has pinholes and pinholes will be formed 
in the film during processing, the thickness of the base 
layer 11 must be 6 \im or above. Preferably, the thick- 
ness of the base layer 11 is in the range of 1 2 to 25 ujti. 
[0467] The base layer 11 may be a laminated film in 

'5 view of providing the base layer 11 with a high pinhole- 
resistant property and an improved insulating ability. 
[0468] Preferably, the base layer 1 1 includes at least 
one resin layer consisting of two or more layers each 
having a thickness of 6 |im or above, preferably, in the 

20 range of 1 2 to 25 jam. The following laminated structures 
1) to 7) are examples of the laminated base layer 11 . 

1) Oriented PET resin layer/Oriented nylon layer 

2) Oriented nylon layer/Oriented PET layer 

25 To improve the mechanical aptitude (stability 

when passed through processing machines and a 
packaging machine) and surface protecting ability 
(heat resistance and electrolyte resistance) of the 
packaging sheet and to reduce friction between a 

30 die and the base layer 11 when forming the em- 
bossed package body, it is preferable that the base 
layer 11 consists of plural layers and the surface of 
the base layer 11 is coated with a coating of a fluor- 
ocarbon resin, an acrylic resin or a silicone resin. 

35 The base layer 11 may be any one of the following 
laminated films. 

3) Fluorocarbon resin layer/Oriented PET resin lay- 
er (the fluorocarbon resin layer may be a fluorocar- 
bon resin film or a film formed by spreading a liquid 

40 fluorocarbon resin in a film and drying the same.) 

4) Silicone resin layer/Oriented PET resin layer (the 
silicone resin layer may be a silicone resin film or a 
film formed by spreading a liquid silicone resin in a 
film and drying the same.) 

45 5) Fluorocarbon resin layer/Oriented PET resin lay- 
er/Oriented nylon layer 

6) Silicone resin layer/Orienled PET resin layer/Ori- 
ented nylon layer 

7) Acrylic resin layer/Oriented nylon layer (the acryl- 
ic ic resin layer may be an acrylic resin film or a film 

formed by spreading an acrylic resin and drying the 
same.) 

[0469] The barrier layer 12 prevents the penetration 
55 of moisture into the polymer battery. To avoid the ad- 
verse effect of pinholes that may be formed in the barrier 
layer 12, to stabilize the workability (ease of fabricating 
pouches or embossing) and to provide the barrier layer 
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12 with pinhole resistance, the barrier layer 12 has a 
thickness of 15 urn or above and is formed from a foil of 
a metal, such as aluminum or nickel, or a film coated 
with an inorganic compound, such as silicon dioxide or 
alumina, by evaporation. Preferably, the barrier layer 12 
is an aluminum foil of a thickness in the range of 20 to 
80 urn 

[0470] The inventors of the present invention made 
studies to reduce pinholes and to prevent the cracking 
of an embossed battery package and found that an alu- 
minum having an iron content in the range of 0.3 to 9.0% 
by weight, preferably, in the range of 0.7 to 2.0% by 
weight is more satisfactory in ductility than aluminum not 
containing any iron, and an aluminum foil of such alu- 
minum is less subject to the formation of pinholes when 
a laminated sheet including the aluminum foil of such 
aluminum is folded and is more capable of facilitating 
forming walls of an embossed battery package than an 
aluminum foil of aluminum not containing any iron. Alu- 
minum having an iron content less than 0.3% by weight 
is unable to form a satisfactorily pinhole-resistant foil 
and does not have improved formability. Aluminum hav- 
ing an iron content exceeding 9.0% by weight is unsat- 
isfactory in flexibility and affects adversely to the work- 
ability of the laminated sheet in forming a pouch. 
[0471 ] The flexibility, stiffness and hardness of an alu- 
minum foil formed by cold rolling are dependent on an- 
nealing conditions. The present invention prefers rather 
soft, slightly or completely annealed aluminum foils to 
those treated by a hardening process and not annealed. 
[0472] Annealing conditions that affect the flexibility, 
stiffness and hardness of aluminum foils may be prop- 
erly determined according to the required workability 
(ease of forming pouches or embossed packages) of the 
packaging laminated sheet. For example, to prevent the 
formation of creases or pinholes in making a package 
by an embossing process, a soft aluminum foil property 
annealed according to the degree of embossing may be 
used. 

[0473] The inventors of the present invention found 
through studies that a satisfactory packaging laminated 
sheet can be formed by using an aluminum foil having 
opposite surfaces coated with chemical conversion 
coatings formed by chemical conversion treatment as 
the barrier layer 12. The chemical conversion treatment 
forms acid-resistant films of a phosphate, a chromate, 
a fluoride or a triazine thiol compound. Thus the sepa- 
ration of the aluminum foil 1 2 and the base layer 1 1 dur- 
ing an embossing process can be prevented, the disso- 
lution and corrosion of the surfaces of the aluminum foil 
12, particularly, aluminum oxide films coating the alumi- 
num foil, by hydrogen fluoride produced by the interac- 
tion of the electrolyte of the polymer battery module and 
moisture can be effectively prevented, the adhesive 
property (wettability) of the surface of the aluminum foil 
is improved, the separation of the base layer and the 
aluminum foil can be prevented and the separation of 
the aluminum foil and the innermost layer due to the ef- 



fect of hydrogen fluoride produced by the interaction be- 
tween the electrolyte and moisture can be effectively 
prevented by the chemical conversion treatment of the 
aluminum foil. 

5 [0474] It was found through experimental chemical 
conversion treatment using various substances that 
chemical conversion treatment method using a mixture 
of a phenolic resin, trivalent chromium phosphate and 
phosphoric acid has satisfactory effect. 
10 [0475] When the packaging laminated sheet is intend- 
ed for use for forming pouches, only one surface on the 
side of the innermost layer of the aluminum foil may be 
processed by the chemical conversion treatment. 
[0476] When both the surfaces of the aluminum foil 
'5 are coated with the chemical conversion coatings, the 
separation of the aluminum foil and the base layer can 
be prevented when processing the packaging laminated 
sheet to form an embossed package. The packaging 
laminated sheet including the aluminum foil having bolh 
the surfaces coated with the chemical conversion coat- 
ings may be used for forming pouches. 
[0477] The inventors of the present invention made 
studies to develop a laminating method capable of lam- 
inating layers with stable adhesive strength and have 
found that the packaging laminated sheet 10 having 
component layers bonded together with desired adhe- 
sive strength can be formed by bonding the base layer 
11 to the chemical conversion coating 15a formed on 
one of the surfaces processed by chemical conversion 
treatment of the barrier layer 12 by a dry lamination 
method and forming the adhesive resin layer 1 3 of a PPa 
resin and the heat-sealable resin layer 14 of an ERRPP 
resin by a coextrusion lamination method on the other 
surface of the barrier layer 12 to form a laminated struc- 
ture, and heating the laminated structure at a tempera- 
ture not lower than the softening point of the PPa resin 
forming the adhesive resin layer 13. 
[0478] The packaging laminated sheet 10 may be 
heated by any one of a contact heating method using a 
hot roller, a hot air heating method using hot air and an 
infrared heating method using near or far infrared rays, 
provided that the adhesive resin can be heated at a tem- 
perature not lower than the softening point thereof. 
[0479] The ethylene content olthe ERRPP resin form- 
ing the heat-sealable resin layer 1 4 is in the range of 5% 
to 1 0% by mol, preferably, in the range of 6% to 8% by 
mol. 

[0480] The inventors of the present invention found 
that the whitening and cracking of the packaging lami- 
nated sheet when forming pouches and embossed 
packages can be prevented by forming the heat-seala- 
ble resin layer 14 of an ERRPP resin. 
[0481] The ERRPP resin for forming the heat-seala- 
ble resin layer 14 is flexible as compared with an ordi- 
nary RPP resin and hence the same is inferior in sliding 
property to the ordinary RPP resin. Therefore the heat- 
sealable resin layer 14 may contain an antiblocking 
agent (AB agent). The AB agent content of the heat- 
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sealable resin layer 14 is in the range of about 0.1% to 
about 2.0% buy weight. 

[0482] When the heat-sealable resin layer 14 consists 
of the layers 14a and 14b, the inner one of the layers 
14a and 14b may contain the AB agent. The AB agent 5 
contained in the heat-sealable resin layer 14 reduces 
the friction coefficient of the surface of the heat-sealable 
resin layer 1 4, improves the sliding property of the heat- 
sealable resin layer 14 and improves the workability of 
, the polymer battery module packaging sheet when 10 
forming pouches or embossed packages. 
[0483] Possible AB agents are inorganic lubricant 
powders having a mean particle size of 1 5 |im or below, 
such as silica powder and zeolite powder, and organic 
lubricant beads, such as acrylic resin beads and poly- 15 
ester resin beads. 

[0484] Possible PPa resins for forming the adhesive 
resin layer 13 are: (1) homopolymers having a melting 
point of 1 50 °C or above, (2) ethylene-propylene copol- 
ymers (random copolymers) having a Vicat softening 20 
point of 1 05 °C or above and a melting point of 1 30 °C 
or above and (3) polymers or blend of polymers pro- 
duced by acid-modified polymerization using an unsatu- 
rated carboxylic acid. 

[0485] The PPa resin may contain 5% or above of a 25 
low-crystalline ethylene-butene copolymer having a 
density of 900 kg/m 3 or below, a low-crystalline propyl- 
ene-butene copolymer, an amorphous ethylene-propyl- 
ene copolymer, an amorphous propylene-ethylene co- 
polymer or an ethylene-butene-propylene terpolymer to 30 
give the PPa resin film flexibility, to improve bendability 
and to prevent cracking during a forming process. 
[0486] Preferably, the heat-sealable resin layer 14 of 
the packaging laminated sheet of the present invention 
is formed of an ERRPP resin. Films of an ERRPP resin 35 
can be easily bonded together by heat-sealing, meet 
protective properties including moistureproof property 
and heat resistance required of the heat-sealable resin 
layer of a polymer battery module packaging sheet, and 
have desirable properties suitable for lamination and 40 
embossing. 

[0487] Desirably, the heat-sealable resin layer 14 has 
a thickness in the range of 30 to 100 |xm and is formed 
of an ERRPP resin having a melting point of 120 °C or 
above. 45 
[0488] The heat-sealable resin layer 1 4 may be a sin- 
gle film of the ERRPP resin or a multilayer film including 
at least one layer of the ERRPP resin. 
[0489] The followings are concrete examples of the 
construction of the heat-sealable resin layer, in which so 
right-hand end films are those forming the innermost 
layer facing a polymer battery module. 

(1) ERRPP resin film containing AB agent 

(2) ERRPP resin film/ERRPP resin film containing 55 
AB agent 

(3) ERRPP resin film/PP resin film 

(4) ERBPP resin film/PP resin film/ERRPP resin 



film containing AB agent 

(5) PP resin film/ERRPP resin film containing AB 
agent 

(6) ERRPP resin film/LLDPE resin film/ERRPP res- 
in film containing AB agent 

(7) ERRPP resin film/HomoPP resin film 

In (1) to (7), ERRPP denotes an ethylene-rich random 
polypropylene resin, PP denotes a random polypropyl- 
ene having an ethylene content in the range of 3% to 
4% by mol : HomoPP denotes a homopolypropylene res- 
in, LLDPE denotes a linear low-density polyethylene 
resin, V indicates coextrusion. 
[0490] The heat-sealable layer consisting of the ER- 
RPP resin film and the homoPP resin film (the construc- 
tion (7)) whitens sometimes when the same is subjected 
to deep drawing. However, the packaging laminated 
sheet provided with such a heat-sealable layer has a 
satisfactory emboss-formabilily because the homoPP 
resin film has a high slip properly. 
[0491] Desirably, the base layer 11 of the packaging 
laminated sheet 10, i.e., the polymer battery module 
packaging sheet, of the present invention is bonded to 
the surface of the barrier layer 1 2 coated with the chem- 
ical conversion coating 15a by a dry lamination method. 
[0492] Possible adhesives for forming the -bonding 
layer 1 6 used for bonding the base layer 1 1 to the chem- 
ical conversion coating 15a of the barrier layer 12 by 
dray lamination are polyester adhesives, polyethylene 
adhesives, polyether adhesives, cyanoacrylate adhe- 
sives, urethane adhesives, inorganic titanium com- 
pounds, polyether-urethane adhesives, epoxy adhe- 
sives, polyester-urethane adhesives, imide adhesives, 
isocyanate adhesives, polyolef in adhesives and silicone 
adhesives. 

[0493] The packaging laminated sheet, i.e., the poly- 
mer battery module packaging sheet, of the present in- 
vention may include, in addition to the base layer 1 1 , the 
barrier layer 12, the adhesive resin layer 13 and the 
heat-sealable resin layer 14, an intermediate layer 
sandwiched between the barrier layer 12 and the heat- 
sealable layer 14 to enhance the strength of the pack- 
aging laminated sheet and to improve and stabilize the 
barrier property of the packaging laminated sheet. 
[0494] The component layers of the packaging lami- 
nated sheet may be processed by a surface activating 
trealmenl, such as a corona discharge treatment, a 
blasting treatment, an oxidation treatment or ozone 
treatment, to improve and stabilize film forming property, 
lamination property, formability (ease of forming pouch- 
es or embossed packages). 

Examples 

[0495] Examples of the packaging laminated sheet in 
the ninth embodiment will be described hereinafter The 
chemical conversion process applies an aqueous solu- 
tion of a phenolic resin, trivalent chromium fluoride corn- 
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pound and phosphoric acid in a film to the surface of the 
barrier layer 12 by a roll coating method and baked the 
film at 1 80 °C or above. The weight per unit area of the 
film is 10 mg/m 2 (dry weight). 
[0496] Examples of the polymer battery module pack- 
aging sheet wilt be concretely described. 
[0497] Packaging laminated sheets in examples were 
subjected to single-side embossing to form embossed 
packages each having a hollow part of 30 mm x 50 mm 
x 3.5 mm. The formability of the packaging laminated 
sheets was evaluated. 

[0498] Examples used a PPa resin produced by acid- 
modified polymerization using an unsaturated carboxy- 
!ic acid and containing a RPP resin having a softening 
point of 1 05 °C and a melting point of 146 °C as a base 
resin. 

[0499] ERRPP resins having an ethylene content of 
7% by mol and a melting point of 132 °C were used. 
RPP resins having an ethylene content of 3% by mo! 
and a melting point of 140 °C were used. 

Example 9-1 (Pouch) 

[0500] Both the surfaces of a 20 um thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 |i.m thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 urn thick Film of a PPa resin as 
an adhesive resin film and a 30 jam thick film of an ER- 
RPP resin was bonded to the other surface of the alu- 
minum foil by a coextrusion lamination method to form 
a laminated sheet. The laminated sheet was heated at 
a temperature not lower than the softening point of the 
PPa resin to obtain sample packaging laminated sheets 
in Example 9-1 . 

[0501] Silica powder having a mean particle size of 
10 |im was added to the ERRPP resin film in a silica 
content of 0.1% by weight. 

Example 9-2 (Embossed package) 

[0502] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 pm thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 urn thick Film of a PPa resin as 
an adhesive resin film and a 30 urn thick film of an ER- 
RPP resin was bonded to the other surface of the alu- 
minum foil by a coextrusion lamination method to form 
a laminated sheet. The laminated sheet was heated at 
a temperature not lower than the softening point of the 
PPa resin to obtain sample packaging laminated sheets 
in Example 9-2. 

[0503] Silica powder having a mean particle size of 
10 urn was added to the ERRPP resin film in a silica 
content of 0.2% by weight. 



Example 9-3 (Embossed package) 

[0504] Both the surfaces of a 40 u,m thick aluminum 
foil were subjected to chemical conversion treatment. A 

5 25 urn thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
The other surface of the aluminum foil was heated at a 
temperature not lower than the softening point of a PPa 
resin for forming the adhesive resin film, and a laminated 

10 film of a 20 urn thick Film of a PPa resin as an adhesive 
resin film and a 30 um thick film of an ERRPP resin was 
bonded to the heated surface of the aluminum foil by a 
coextrusion lamination method to obtain sample pack- 
aging laminated sheets in Example 9-3. 

15 [0505] Silica powder having a mean particle size of 
10 um was added to the ERRPP resin film in a silica 
content of 0.2% by weight. 

Example 9-4 (Embossed package) 

20 

[0506] Both the surfaces of each of 40 pm thick alu- 
minum foils were subjected to chemical conversion 
treatment. A 25 um thick nylon film was laminated to one 
of the surfaces of each of the aluminum foils by a dry 

25 lamination method. Laminated films each of a 20 pm 
thick film (adhesive resin layer) of a PPa resin and a 30 
pm thick film of an ERRPP resin containing one of the 
following AB agents were formed on the other surfaces 
of the aluminum foils, respectively, by a coextrusion lam- 

30 ination method to form laminated sheets. The laminated 
sheets were heated at a temperature not lower than the 
softening point of the PPa resin to obtain sample pack- 
aging laminated sheets in Examples 9-4-1 to 9-4-4. 

35 AB agents 

Example 9-4-1 : 0,5% by weight zeolite powder having 
a mean particle size of 8 u,m 

40 Example 9-4-2: 1 .2% by weight zeolite powder having 
a mean particle size of 8 urn 

Example 9-4-3: 0.8% by weight acrylic resin powder 
having a mean particle size of 10 um 

45 

Example 9-4-4: 1 .5% by weight acrylic resin powder 
having a mean particle size of 10 u/n 

Example 9-5 (Embossed package) 

so 

[0507] Both the surfaces of a 40 u.m thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 pm thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
55 A laminated film of a 20 u.m thick Film of a PPa resin as 
an adhesive resin film and a 30 (am thick film of an ER- 
RPP resin was bonded to the other surface of the alu- 
minum foil by a coextrusion lamination method to form 



48 



95 



EP 1 160 892 A1 



96 



a laminated sheet. The laminated sheet was heated at 
a temperature not lower than the softening point of the 
PPa resin to obtain sample packaging laminated sheets 
in Example 9-5. 

[0508] Silica powder having a mean particle size of 5 
10 ji.m was added to a 5 um thick ERRPP resin layer 
serving as the innermost layer of the ERRPP resin film 
in a silica content of 1 .0% by weight. 

Comparative example 9-1 (Pouch) w 

[0509J Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 u..m thick nylon film was laminated to one of the sur- 
faces of the aluminum toil by a dry lamination method, is 
A laminated film of a 20 urn thick Film of a PPa resin as 
an adhesive resin film and a 30 u.rn thick film of a PP 
resin having an ethylene content of 3% by weight was 
bonded to the other surface of the aluminum foil by a 
coextrusion lamination method to form a laminated 20 
sheet. The laminated sheet was heated at a tempera- 
ture not lower than the softening point of the PPa resin 
to obtain sample packaging laminated sheets in Com- 
parative example 9-1 . 

25 

Comparative example 9-2 (Embossed package) 

[0510] Both the surfaces of a 40 |.im thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 ujti thick nylon film was laminated to one of the sur- 30 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 um thick Film of a PPa resin as 
an adhesive resin film and a 30 u.m thick film of a RPP 
resin having an ethylene content of 3% by weight was 
bonded to the other surface of the aluminum foil by a 35 
coextrusion lamination method to form a laminated 
sheet. The laminated sheet was heated at a tempera- 
ture not lower than the softening point of the PPa resin 
to obtain sample packaging laminated sheets in Com- 
parative example 9-2. 40 

Comparative example 9-3 (Embossed package) 

[0511] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 45 
25 u.m thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 um thick Film of a PPa resin as 
an adhesive resin film and a 30 um thick film of an ER- 
RPP resin was bonded to the other surface of the alu- so 
minum foil by a coextrusion lamination method to obtain 
sample packaging laminated sheets in Example 9-3. 
[0512] The ERRPP resin film contained silica powder 
having a mean particle size of 1 0 um in 0.2% by weight. 

55 

Comparative example 9-4 (Embossed package) 
[0513] Both the surfaces of a 40 |xm thick aluminum 



foil were subjected to chemical conversion treatment. A 
25 um thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry-lamination method. 
A laminated film of a 20 |im thick Film of a PPa resin as 
an adhesive resin film and a 30 u.m thick film of an ER- 
RPP resin containing an AB agent was bonded to the 
other surface of the aluminum foil by a coextrusion lam- 
ination method to form a laminated sheet. The laminated 
sheet was heated at a temperature not lower than the 
softening point of the PPa resin to obtain sample pack- 
aging laminated sheets in Example 9-4. 

Pouch Formation, Embossing and Packaging 

[0514] The sample packaging laminated sheets in Ex- 
ample 9-1 and Comparative example 9-1 were subject- 
ed to a pouch forming process to form pouches. The 
sample packaging laminated sheets in Examples 9-3 to 
9-5 and Comparative examples 9-2 to 9-4 were subject- 
ed to single-side embossing to form embossed packag- 
es each having a hollow part of 55 mm x 30 mm x 3.5 
mm. Polymer battery modules were packaged in the 
pouches and the embossed packages to form polymer 
batteries. The polymer batteries were evaluated by the 
following methods. The width of the sealed parts of the 
pouches and the embossed packages formed from the 
packaging laminated sheets in examples and compar- 
ative examples was 5 mm. 

Evaluating Methods 

1) Delamination, Whitening and Cracking during 
Forming 

[0515] Samples were inspected for the separation of 
the base layer and the aluminum foil, whitening and 
cracking immediately after forming. 

2) Chemical Resistance Test 

[0516] A carbonate solvent containing a lithium salt 
were sealed in sample pouches and sample embossed 
packages formed from the packaging laminated sheets 
in examples and comparative examples and the sample 
pouches and the sample embossed packages were in- 
spected for the separation of the aluminum foil and the 
resin layer after keeping the sample pouches and the 
sample embossed packages in an atmosphere of 60 °C 
and 90% RH in a thermostat for seven days. 

Results 

[0517] Sample packaging laminated sheets in Exam- 
ples 9-1 to 9-5 were not whitened and not cracked during 
pouch formation and embossing. Cracks were formed 
in the inner surfaces of the bent parts of the fifteen sam- 
ple pouches out of 100 sample pouches formed from 
the packaging laminated sheets in Comparative exam- 



49 

BMSDOCID: <EP 1160892A1 J_> 



97 



EP1 160 892 A1 



98 



pie 9-1 . Bends in the fifty sample embossed packages 
formed from the packaging laminated sheets in Com- 
parative example 9-2 whitened slightly. 
[0518] The sample embossed packages formed from 
the packaging laminated sheets in Example 9-3 had no 
problem at all relating to whitening, cracking and chem- 
ical resistance. All the sample packaging laminated 
sheets in Comparative example 9-3 were delaminated. 
[051 9] The sample packaging laminated sheets in Ex- 
amples 9-4-1 to 9-4-4, which differ from each other in 
the type and content of the AB agent, were stable in the 
embossing process. All the 1 00 sample packaging lam- 
inated sheets in Comparative example 9-4 were 
creased during the embossing process, and pinholes 
were formed in the fifteen sample packaging laminated 
sheets of the same. 

[0520] The sample embossed packages formed from 
the packaging laminated sheets in Example 9-5 were 
not whitened and not cracked and had no problem re- 
lating to chemical resistance. 

[0521] The packaging laminated sheets, i.e., the pol- 
ymer battery module packaging sheets, of the present 
invention each provided with the heat-sealable layer of 
tho ERRPP resin neither whiten nor crack when bent to 
form a pouch and when embossed to form an embossed 
package. The pouches and embossed packages 
formed from the packaging laminated sheets of the 
present invention exhibited remarkably stable sealing 
performance. The separation of the aluminum foil and 
the base layer during the heat-sealing process and the 
embossing process could be prevented by the chemical 
conversion treatment of both the surfaces of the alumi- 
num foil. The chemical conversion coatings formed on 
both the surfaces of the aluminum foil prevented the cor- 
rosion of the surfaces of the aluminum foil by hydrogen 
fluoride produced by the interaction of the electrolyte of 
the polymer battery module and moisture and the sep- 
aration of the aluminum foil and the layer on the side of 
the polymer battery module due to the corrosion of the 
surfaces of the aluminum foil. 

[0522] Since the ERRPP resin film serving as the 
heat-sealable resin layer, i.e., the innermost layer, can 
be bonded to the aluminum foil by the PPa resin, i.e., 
the adhesive resin, by a coextrusion lamination method, 
the packaging laminated sheet of the present invention 
can be manufactured at a high productivity. The heat- 
sealable resin layer and the aluminum foil can be bond- 
ed together by a sufficiently high adhesive strength by 
subjecting the laminated sheet to postheating or by 
heating the surface of the aluminum foil when applying 
the PPa resin to the aluminum foil by a coextrusion lam- 
ination method. 

Tenth Embodiment 

[0523] A packaging laminated sheet, i.e., a polymer 
battery module packaging sheet, in a tenth embodiment 
according to the present invention has a moistureproof 



property, and is resistant to the detrimental effects of the 
polymer battery module and capable of being manufac-. 
tured at a high productivity. When forming the packaging 
laminated sheet, the opposite surfaces of a barrier layer 
5 are subjected to chemical conversion treatment, an in- 
nermost layer is laminated to the barrier layer by a co- 
extrusion lamination method to form a laminated sheet 
and the laminated sheet is subjected to a heating proc- 
ess to enhance the adhesive strength between the com- 

*0 ponent layers. 

[0524] The inventors of the present invention made 
earnest studies to develop such a packaging laminated 
sheet, and found that the foregoing problems can be 
solved by subjecting both the surfaces of an aluminum 

*5 foil to chemical conversion treatment, forming an adhe- 
sive resin layer of a PPa resin, such as an unsaturated 
carboxylic acid graft random acid-modified polypropyl- 
ene resin, on one of the surfaces of the aluminum foil 
and forming an innermost layer of an ERRPP resin , and 

20 by a packaging laminated sheet manufacturing method 
including the steps of subjecting both the surfaces of an 
aluminum foil to chemical conversion treatment, extrud- 
ing a PPa resin as an adhesive resin onto the inner sur- 
face of the aluminum foil, laminating an ERRPP resin 

25 film to the aluminum foil by a sandwich lamination meth- 
od to form a laminated sheet and subjecting the lami- 
nated sheet to postheating. 

[0525] Postheating enhances the adhesive strength 
between the barrier layer and the adhesive resin layer 
30 and between the adhesive resin layer and the innermost 
layer. 

[0526] The adhesive strength may be enhanced by a 
method that heats the surf acetowhich the adhesive res- 
in layer is to be bonded of the aluminum foil at a tem- 

35 perature not lower than the softening point of the PPa 
resin when extruding the PPa resin onto the surface of 
the aluminum foil for sandwich lamination. 
[0527] As shown in Fig. 1 1 (a) , a packaging laminated 
sheet 10, i.e., a polymer battery module packaging 

^0 sheet, in the tenth embodiment has, as essential com- 
ponents, a base layer 11 , a bonding layer 16, a chemical 
conversion coating 15a, an aluminum foil (aluminum 
layer) 12, a chemical conversion coating 15b, an adhe- 
sive resin layer 13 and a heat-sealable resin layer (in- 

^5 nermost layer) 1 4. The adhesive resin layer 1 3 is formed 
of a PPa resin and the heat-sealable resin layer 14 is 
formed of an ERRPP resin. The heat-sealable resin lay- 
er 14 may consist of innermost resin films 14a and 14b 
as shown in Fig. 11 (b). At least eitherthe innermost resin 

so film 14a or 14b may be formed of an ERRPP resin. The 
adhesive resin layer 13 and the heat-sealable resin lay- 
er 14 constitute an innermost layer. 
[0528] In the sandwich lamination process the surface 
of the aluminum foil 1 2 facing the heat-sealable layer 1 4 

55 is heated at a temperature not lower than the softening 
point of the PPa resin or the packaging laminated sheet 
10 is subjected to postheating to heat the packaging 
laminated sheet 10 at a temperature not lower than the 
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softening point of the PPa resin. As shown in Fig. 11(a) 
or 11(b), chemical conversion coatings 15a and 1b are 
formed on both the surfaces , respectively, of the alumi- 
num foil 12, i.e., the barrier layer, the adhesive resin lay- 
er 1 3 is formed on the inner surface of the aluminum foil 5 
12 by extrusion and the heat-sealable resin layer 14 of 
the ERRPP resin is bonded to the inner surface of the 
aluminum foil 12 by the adhesive resin layer 13 by a 
sandwich lamination method (Fig. 9). The packaging 
laminate sheet 1 0 thus formed is subjected to postheat- 10 
ingorthe inner surface of the aluminum foil 12 is heated 
at a temperature not lower than the softening point of 
the PPa resin forming the adhesive resin layer 13. 
[0529] The packaging laminated sheet 10, i.e., the 
polymer battery module packaging sheet, in the tenth '5 
embodiment has. as essential components, the base 
layer 11 . the chemical conversion coating 15a, the bar- 
rier layer 12, i.e., the aluminum foil, the chemical con- 
version coaling 15b, the adhesive resin layer 13 and the 
heat-sealable resin layer 14. The heat-sealable resin 20 
layer 14 is laminated to the aluminum foil 12 by a sand- 
wich lamination method. The heat-sealable layer 14 is 
a multilayer film including at least one of the layers 14a 
and 14b of an ERRPP resin. 

[0530] Materials of the component layers of the lami- 25 
nated sheet 10 and methods of laminating the compo- 
nent layers will be described. 

[0531] The base layer 11 of the packaging laminated 
sheet 10 is a film of an oriented polyester resin or an 
oriented nylon resin. Possible polyester resins are PET 30 
resins, PBT resins, PEN resins, PBN resins, interpoly- 
ester resins, PC resins and the like. Possible nylons, i. 
e., polyamide resins, are nylon 6 : nylon 66, copolymers 
of nylon 6 and nylon 66, nylon 61 0 S polymethaxylilene 
adipamide (MXD6) and the like. 35 
[0532] When the polymer battery is used on a device 
(hardware), the base layer 11 touches the device. 
Therefore, it is desirable to form the base layer 11 of an 
intrinsically insulating resin. Since a film forming the 
base layer 11 has pinholes and pinholes will be formed 40 
in the film during processing, the thickness of the base 
layer 11 must be 6 urn or above. Preferably, the thick- 
ness of the base layer 11 is in the range of 12 to 25 um. 
[0533] The base layer 11 may be a laminated film in 
view of providing the base layer 11 with a high pinhole- 45 
resistant property and an improved insulating ability. 
[0534] Preferably, the base layer 11 includes at leasl 
one resin layer consisting of two or more layers each 
having a thickness of 6 u,nri or above, preferably, in the 
range of 1 2 to 25 um The following laminated structures so 
1) to 7) are examples of the laminated base layer 11 . 

1) Oriented PET resin layer/Oriented nylon layer 

2) Oriented nylon layer/Oriented PET layer 

To improve the mechanical aptitude (stability 55 
when passed through processing machines and a 
packaging machine) and surface protecting ability 
(heat resistance and electrolyte resistance) of the 



packaging sheet and to reduce friction between a 
die and the base layer 11 when forming the em- 
bossed package body, it is preferable that the base 
layer 11 consists of plural layers and the surface of 
the base layer 11 is coated with a coating of a fluor- 
ocarbon resin, an acrylic resin or a silicone resin. 
The base layer 11 may be any one of the following 
laminated films. 

3) Fluorocarbon resin layer/Oriented PET resin lay- 
er (the fluorocarbon resin layer may be a fluorocar- 
bon resin film or a film formed by spreading a liquid 
fluorocarbon resin in a film and drying the same.) 

4) Silicone resin layer/Oriented PET resin layer (the 
silicone resin layer may be a silicone resin film or a 
film formed by spreading a liquid silicone resin in a 
film and drying the same.) 

5) Fluorocarbon resin layer/Oriented PET resin lay- 
er/Oriented nylon layer 

6) Silicone resin layer/Oriented PET resin layer/Ori- 
ented nylon layer 

7) Acrylic resin layer/Oriented nylon layer (the acryl- 
ic resin layer may be an acrylic resin film or a film 
formed by spreading an acrylic resin and drying the 
same.) 

[0535] The barrier layer 12 prevents the penetration 
of moisture into the polymer battery. To avoid the ad- 
verse effect of pinholes that may be formed in the barrier 
layer 12, to stabilize the workability (ease of fabricating 
pouches or embossing) and to provide the barrier layer 
12 with pinhole resistance, the barrier layer 12 has a 
thickness of 15 urn or above and is formed from a foil of 
a metal, such as aluminum or nickel, or a film coated 
with an inorganic compound, such as silicon dioxide or 
alumina, by evaporation, Preferably, the barrier layer 12 
is an aluminum foil of a thickness in the range of 20 to 
80 um. 

[0536] The inventors of the present invention made 
studies to reduce pinholes and to prevent the cracking 
of an embossed battery package and found that an alu- 
minum having an iron content in the range of 0.3 to 9.0% 
by weight, preferably, in the range of 0.7 to 2.0% by 
weight is more satisfactory in ductility than aluminum not 
containing any iron, and an aluminum foil of such alu- 
minum is less subject to the formation of pinholes when 
a laminated sheet including the aluminum foil of such 
aluminum is folded and is more capable of facilitating 
forming walls of an embossed battery package than an 
aluminum foil of aluminum not containing any iron. Alu- 
minum having an iron content less than 0.3% by weight 
is unable to form a satisfactorily pinhole-resistant foil 
and does not have improved formability. Aluminum hav- 
ing an iron content exceeding 9.0% by weight is unsat- 
isfactory in flexibility and affects adversely to the work- 
ability of the laminated sheet in forming a pouch. 
[0537] The flexibility, stiffness and hardness of an alu- 
minum foil formed by cold rolling are dependent on an- 
nealing conditions. The present invention prefers rather 
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soft, slightly or completely annealed aluminum foils to 
those treated by a hardening process and not annealed. 
[0538] Annealing conditions that affect the flexibility, 
stiffness and hardness of aluminum foils may be prop- 
erty determined according to the required workability 
(ease of forming pouches or embossed packages) of the 
packaging laminated sheet. For example, to prevent the 
formation of creases or pinholes in making a package 
by an embossing process, a soft aluminum foil properly 
annealed according to the degree of embossing may be 
used. 

[0539] The inventors of the present invention found 
through studies that a satisfactory packaging laminated 
sheet can be formed by using an aluminum foil having 
opposite surfaces coated with chemical conversion 
coatings formed by chemical conversion treatment as 
the barrier layer 1 2. The chemical conversion treatment 
forms acid-resistant films of a phosphate, a chromate, 
a fluoride or a triazine thiol compound. Thus the sepa- 
ration of the aluminum foil 1 2 and the base layer 1 1 dur- 
ing an embossing process can be prevented, the disso- 
lution and corrosion of the surfaces of the aluminum foil 
12, particularly, aluminum oxide films coating the alumi- 
num foil, by hydrogen fluoride produced by the interac- 
tion of the electrolyte of the polymer battery module and 
moisture can be effectively prevented, the adhesive 
property (wettability) of the surface of the aluminum foil 
is improved, the separation of the base layer and the 
aluminum foil can be prevented and the separation of 
the aluminum foil and the innermost layer due to the ef- 
fect of hydrogen fluoride produced by the interaction be- 
tween the electrolyte and moisture can be effectively 
prevented by the chemical conversion treatment of the 
aluminum foil. 

[0540] It was found through experimental chemical 
conversion treatment using various substances that 
chemical conversion treatment method using a mixture 
of a phenolic resin, trivalent chromium phosphate and 
phosphoric acid has satisfactory effect. 
[0541 ] When the packaging laminated sheet is intend- 
ed for use for forming pouches, only one surface on the 
side of the innermost layer 14 of the aluminum foil 12 
may be processed by the chemical conversion treat- 
ment. 

[0542] When both the surfaces of the aluminum foil 
are coated with the chemical conversion coatings, the 
separation or the aluminum foil 12 and the base layer 

11 can be prevented when processing the packaging 
laminated sheet to form an embossed package. The 
packaging laminated sheet including the aluminum foil 

12 having both the surfaces coated with the chemical 
conversion coatings may be used for forming pouches. 
[0543] The inventors of the present invention made 
studies to develop a laminating method capable of lam- 
inating layers with stable adhesive strength and have 
found that the packaging laminated sheet 10 having 
component layers bonded together with desired adhe- 
sive strength can be formed by bonding the base layer 



11 to the chemical conversion coating 15a formed on 
one of the surfaces processed by chemical conversion 
treatment of the barrier layer 12 by a dry lamination 
method forming the adhesive resin layer 13 of a PPa 

5 resin and the heat-sealable resin layer 1 4 of an ERRPP 
resin by a sandwich lamination method on the other sur- 
face of the barrier layer 1 2 coated with the chemical con- 
version coating 15b to form a laminated structure, and 
heating the laminated structure at a temperature not 

10 lower than the softening point of the PPa resin forming 
the adhesive resin layer 13. 

[0544] The packaging laminated sheet 10 may be 
heated by any one of a contact heating method using a 
hot roller, a hot air heating method using hot air and an 

15 infrared heating method using near or far infrared rays, 
provided that the adhesive resin can be heated at a tem- 
perature not lower than the softening point thereof. 
[0545] The inner surface of the aluminum foil 12 on 
the side of the heat-sealable resin layer 1 4 may be heal- 

20 ed at a temperature not lower than the softening point 
of the PPa resin during sandwich lamination to provided 
a laminated structure having stable adhesive strength. 
[0546] The ethylene content of the ERRPP resin form- 
ing the hcat-soalable resin layer 14 is in the range of 5% 

25 to 1 0% by mol, preferably, in the range of 6% to 8% by 
mol. 

[0547] The inventors of the present invention found 
that the whitening and cracking of the packaging lami- 
nated sheet when forming pouches and embossed 

30 packages can be prevented by forming the heat-seala- 
ble resin layer 14 of an ERRPP resin. 
[0548] The ERRPP resin for forming the heat-seala- 
ble resin layer 14 is flexible as compared with an ordi- 
nary RPP resin and hence the same is inferior in sliding 

35 property to the ordinary RPP resin. Therefore the heat- 
sealable resin layer 14 may contain an antiblocking 
agent (AB agent). The AB agent content of the heat- 
sealable resin layer 14 is in the range of about 0.1% to 
about 2.0% buy weight. 

40 [0549] When the heat-sealable resin layer 1 4 consists 
of the layers 14a and 14b, the inner one of the layers 
14a and 14b may contain the AB agent. The AB agent 
contained in the heat-sealable resin layer 14 reduces 
the friction coefficient of the surface of the heat-sealable 

45 resin layer 1 4, improves the sliding property of the heat- 
sealable resin layer 14 and improves the workability of 
the polymer battery module packaging sheet when 
forming pouches or embossed packages. 
[0550] Possible AB agents are inorganic lubricant 

so powders having a mean particle size of 1 5 (im or below, 
such as silica powder and zeolite powder, and organic 
lubricant beads, such as acrylic resin beads and poly- 
ester resin beads. 

[0551] Possible PPa resins for forming the adhesive 
55 resin layer 13 are: (1) homopolymers having a Vicat sof- 
tening point of 115 °C or above and a melting point of 
150 °C or above, (2) ethylene-propylene copolymers 
(random copolymers) having a Vicat softening point of 
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1 05 °C or above and a melting point of 1 30 °c or above 
and (3) polymers or blend of polymers produced by acid- 
modified polymerization using an unsaturated carboxy- 
lic acid. 

[0552] The PPa resin may contain 5% or above of a 5 
low-crystalline ethylene-butene copolymer having a 
density of 900 kg/m 3 or below, a low-crystalline propyl- 
ene-butene copolymer, an amorphous ethylene-propyl- 
ene copolymer, an amorphous propylene-ethylene co- 
polymer or an ethylene-butene-propylene terpolymer to 10 
give the PPa resin film flexibility, to improve bendability 
and to prevent cracking during a forming process. 
[0553] Preferably, the heat-sealable resin layer 14 of 
the packaging laminated sheet of the present invention 
is formed of an ERRPP resin. Films of an ERRPP resin is 
can be easily bonded together by heat-sealing, meet 
protective properties including moistureproof property 
and heat resistance required of the heat-sealable resin 
layer of a polymer battery module packaging sheet, and 
have desirable properties suitable for lamination and 20 
embossing. 

[0554] Desirably, the heat-sealable resin layer 1 4 has 
a thickness in the range of 30 to 1 00 jam and is formed 
of an ERRPP resin having a melting point of 120 °C or 
above. 25 
[0555] The heat-sealable resin layer 1 4 may be a sin- 
gle film of the ERRPP resin or a multilayer film including 
at least one layer of the ERRPP resin. 
[0556] The followings are concrete examples of the 
construction of the heat-sealable resin layer, in which so 
right-hand end films are those forming the innermost 
layer facing a polymer battery module. 

(1 ) ERRPP resin film containing AB agent 

(2) ERRPP resin film/ERRPP resin film containing 35 
AB agent 

(3) ERRPP resin film/PP resin film ■ 

(4) ERRPP resin film/PP resin film/ERRPP resin 
film containing AB agent 

(5) PP resin film/ERRPP resin film containing AB 40 
agent 

(6) ERRPP resin film/LLDPE resin film/ERRPP res- 
in film containing AB agent 

(7) ERRPP resin film/HomoPP resin film 

45 

In (1) to (7), ERRPP denotes an ethylene-rich random 
polypropylene resin, PP denotes a random polypropyl- 
ene having an ethylene content in the range of 3% to 
4% by mol, HomoPP denotes a homopolypropylene res- 
in, LLDPE denotes a linear low-density polyethylene so 
resin, 7" indicates coextrusion. 
[0557] The hcat-sealabic layer consisting of the ER- 
RPP resin film and the homoPP resin film (the construc- 
tion (7)) whitens sometimes when the same is subjected 
to pouch formation. However, the packaging laminated 55 
sheet provided with such a heat-sealable layer has a 
satisfactory emboss-formability because the homoPP 
resin film has a high slip property. 



[0558] The packaging laminated sheet 10, i.e., the 
polymer battery module packaging sheet, of the present 
invention may include, in addition to the base layer 1 1 
the barrier layer 1 2, the adhesive resin layer 1 3 and the 
heat-sealable resin layer 14, an intermediate layer 
sandwiched between the barrier layer 12 and the heat- 
sealable layer 14 to enhance the strength of the pack- 
aging laminated sheet and to improve and stabilize the 
barrier property of the packaging laminated sheet. 
[0559] The component layers of the packaging lami- 
nated sheet 10 may be processed by a surface activat- 
ing treatment, such as a corona discharge treatment, a 
blasting treatment, an oxidation treatment or ozone 
treatment, to improve and stabilize film forming property, 
lamination property, formability (ease of forming pouch- 
es or embossed packages). 

[0560] Desirably, the base layer 11 of the packaging 
laminated sheet 10, i.e., the polymer battery module 
packaging sheet, is bonded to the surface or the barrier 
layer 12 coated with the chemical conversion coating 
15a by a dry lamination method. 
[0561] Possible adhesives for forming the bonding 
layer 1 6 used for bonding the base layer 1 1 to the chem- 
ical conversion coating 15a of the barrier layer 12 by 
dray lamination are polyester adhesives : polyethylene 
adhesives, polyethylene imine adhesives, polyether ad- 
hesives, cyanoacrylate adhesives, urethane adhesives, 
inorganic titanium compounds, polyether-urethane ad- 
hesives, epoxy adhesives, polyester-urethane adhe- 
sives, epoxy adhesives, polyester-urethane adhesives, 
imide adhesives, isocyanate adhesives, polyolefin ad- 
hesives and silicone adhesives. 

Examples 

[0562] Examples of the packaging laminated sheet in 
the tenth embodiment will be described hereinafter. The 
chemical conversion process applies an aqueous solu- 
tion of a phenolic resin, trivalent chromium fluoride com- 
pound and phosphoric acid in a film to the surface of the 
barrier layer 12 by a roll coating method and baked the 
film at 1 80 °C or above. The weight per unit area of the 
film is 10 mg/m 2 (dry weight). 
[0563] Examples of the polymer battery module pack- 
aging sheet will be concretely described. 
[0564] Packaging laminated sheets in examples were 
subjected to single-side embossing to form embossed 
packages each having a hollow part of 30 mm x 50 mm 
x 3.5 mm. The formability of the packaging laminated 
sheets was evaluated. 

[0565] Examples used a PPa resin produced by acid- 
modified polymerization using an unsaturated carboxy- 
lic acid and containing a RPP resin having a softening 
point of 105 °C and a melting point of 146 °C as a base 
resin. 

[0566] ERRPP resins having an ethylene content of 
7% by mol and a melting point of 132 °C were used. 
RPP resins having an ethylene content of 3% by mol 
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and a melting point of 140 °C were used. 
Example 10-1 (Pouch) 

[0567] Both the surfaces of a 20 um thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 jim thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 um thick Fiim of a PPa resin as 
an adhesive resin film and a 30 um thick film of an ER- 
RPP resin was bonded to the other surface of the alu- 
minum foil by a sandwich lamination method to form a 
laminated sheet. The laminated sheet was heated at a 
temperature not lower than the softening point of the 
PPa resin to obtain sample packaging laminated sheets 
in Example 10-1. 

[0568] Silica powder having a mean particle size of 
10 urn was added to the ERRPP resin film in a silica 
conlenl of 0.2% by weighl. 

Example 1 0-2 (Embossed package) 

[0569] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 urn thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 urn thick Film of a PPa resin as 
an adhesive resin film and a 30 um thick film of an ER- 
RPP resin was bonded to the other surface of the alu- 
minum foil by a sandwich lamination method to form a 
laminated sheet. The laminated sheet was heated at a 
temperature not lower than the softening point of the 
PPa resin to obtain sample packaging laminated sheets 
in Example 10-2. 

[0570] Silica powder having a mean particle size of 
10 urn was added to the ERRPP resin film in a silica 
content of 0.2% by weight. 

Example 1 0-3 (Embossed package) 

[0571] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 ujm thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
The other surface of the aluminum foil was heated at 
150 °C by irradiating the same surface with infrared rays 
and blowing hoi air against the same surface while a 
laminated film of a 20 urn thick Film of a PPa resin as 
an adhesive resin film and a 30 um thick film of an ER- 
RPP resin was being bonded to the heated surface of 
the aluminum foil by a sandwich lamination method to 
obtain sample packaging laminated sheets in Example 
10-3. 

[0572] Silica powder having a mean particle size of 
10 um was added to the ERRPP resin film in a silica 
content of 0.2% by weight. 



Example 10-4 (Embossed package) 

[0573] Both the surfaces of each of 40 urn thick alu- 
minum foils were subjected to chemical conversion 
5 treatment. A 25 urn thick nylon film was laminated to one 
of the surfaces of each of the aluminum foils by a dry 
lamination method. Laminated films each of a 20 urn 
thick film (adhesive resin layer) of a PPa resin and a 30 
urn thick film of an ERRPP resin containing one of the 
10 following AB agents were formed on the other surfaces 
of the aluminum foils, respectively by a sandwich lam- 
ination method to form laminated sheets. The laminated 
sheets were heated at a temperature not lower than the 
softening point of the PPa resin to obtain sample pack- 
's aging laminated sheets in Examples 10-4-1 to 10-4-4. 
[0574] AB agents 

Example 1 0-4-1 : 0.5% by weight zeolite powder having 
a mean particle size of 8 um 

20 

Example 10-4-2: 1 .2% by weight zeolite powder having 
a mean particle size of 8 jim 

Example 10-4-3: 0.8% by weight acrylic rosin powder 
25 having a mean particle size of 10 um 

Example 10-4--4: 1 .5% by weight acrylic resin powder 
having a mean particle size of 10 um 

30 Example 1 0-5 (Embossed package) 

[0575] Both the surfaces of a 40 um thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 um thick nylon film was laminated to one of the sur- 
35 faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 um thick Film of a PPa resin as 
an adhesive resin film and a 30 um thick multilayer film 
consisting of a 5 |im thick ERRPP resin film, a 20 um 
thick PP resin film and a 5 um thick ERRPP resin film 
40 was bonded to the other surface of the aluminum foil by 
a sandwich lamination method to form a laminated 
sheet. The laminated sheet was heated at a tempera- 
ture not lower than the softening point of the PPa resin 
to obtain sample packaging laminated sheets in Exam- 
45 pie 10-5. 

[0576] Silica powder having a mean particle size of 
10 fim was added to the 5 um thick ERRPP resin film 
serving as the innermost layer of the multilayer film in a 
silica content of 0.2% by weight. 

50 

Comparative example 10-1 (Pouch) 

[0577] Both the surfaces of a 40 um thick aluminum 
foil were subjected to chemical conversion treatment. A 
55 25 um thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 um thick Film of a PPa resin as 
an adhesive resin film and a 30 um thick film of a PP 
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resin was bonded to the other surface of the aluminum 
foil by a sandwich lamination method to form a laminat- 
ed sheet. The laminated sheet was heated at a temper- 
ature not lower than the softening point of the PPa resin 
to obtain sample packaging laminated sheets in Com- 
parative example 1 0-1 . 

Comparative example 10-2 (Embossed package) 

[0578] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 u.m thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 urn thick Film of a PPa resin as 
an adhesive resin film and a 30 u^m thick film of a PP 
resin was bonded to the other surface of the aluminum 
foil by a sandwich lamination method to form a laminat- 
ed sheet. The laminated sheet was heated at a temper- 
ature not lower than the softening point of ihe PPa resin 
to obtain sample packaging laminated sheets in Com- 
parative example 1 0-2. 

Comparative example 10-3 (Embossed package) 

[0579] Both the surfaces of a 40 urn thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 (im thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry lamination method. 
A laminated film of a 20 um thick Film of a PPa resin as 
an adhesive resin film and a 30 um thick film of an ER- 
RPP resin was bonded to the other surface of the alu- 
minum foil by a sandwich lamination method to obtain 
sample packaging laminated sheets in Example 10-3. 
[0580] The ERRPP resin film contained silica powder 
having a mean particle size of 1 0 jim in 0.2% by weight. 

Comparative example 10-4 (Embossed package) 

[0581] Both the surfaces of a 40 ujti thick aluminum 
foil were subjected to chemical conversion treatment. A 
25 um thick nylon film was laminated to one of the sur- 
faces of the aluminum foil by a dry-lamination method. 
A laminated film of a 20 u.m thick Film of a PPa resin as 
an adhesive resin film and a 30 u.m thick film of an ER- 
RPP resin not containing any AB agent was bonded to 
the other surface of the aluminum foil by a sandwich 
lamination method to form a laminated sheet. The lam- 
inated sheet was heated at a temperature not lower than 
the softening point of the PPa resin to obtain sample 
packaging laminated sheets in Example 10-4. 

Pouch Formation, Embossing and Packaging 

[0582] The sample packaging laminated sheets in Ex- 
ample 10-1 and Comparative example 10-1 were sub- 
jected to a pouch forming process to form pouches. The 
sample packaging laminated sheets in Examples 10-2 
to 10-5 and Comparative examples 10-2 to 10-4 were 



subjected to single-side embossing to form embossed 
packages each having a hollow part of 55 mm x 30 mm 
> 3.5 mm. Polymer battery modules were packaged in 
the 100 pouches of each example and each compara- 

5 tive example and the 100 embossed packages of each 
example and each comparative example to form poly- 
mer batteries. The polymer batteries were evaluated by 
the following methods. The width of the sealed parts of 
the pouches and the embossed packages formed from 

10 the packaging laminated sheets in examples and com- 
parative examples was 5 mm. 

Evaluating Methods 

1) Delamination, Whitening and Cracking during 
Forming 

[0583] Samples were inspected for the separation of 
the base layer and the aluminum foil, whitening and 
20 cracking immediately after forming. 

2) Chemical Resistance Test 

[0584] A carbonate solvent containing a lithium salt 
25 were sealed in sample pouches and sample embossed 
packages formed from the packaging laminated sheets 
in examples and comparative examples and the sample 
pouches and the sample embossed packages were in- 
spected for the separation of the aluminum foil and the 
30 resin layer after keeping the sample pouches and the 
sample embossed packages in an atmosphere of 60 °C 
and 90% RH in a thermostat for seven days. 

Results 

35 

[0585] Sample packaging laminated sheets in Exam- 
ples 10-1 to 10-5 were not whitened and not cracked 
during pouch formation and embossing. Cracks were 
formed in the inner surfaces of the bent parts of the fif- 

*o teen sample pouches out of 100 sample pouches 
formed from the packaging laminated sheets in Com- 
parative example 10-1. Bends in the fifty sample em- 
bossed packages formed from the packaging laminated 
sheets in Comparative example 10-2 whitened. 

^ [0586] The sample embossed packages formed from 
the packaging laminated sheets in Example 10-3 had 
no problem at all relating to whitening, cracking. All the 
sample packaging laminated sheets in Comparative ex- 
ample 10-3 were delaminated. 

50 [0587] The sample packaging laminated sheets in Ex- 
amples 9-4-1 to 9-4-4, which differ from each other in 
the type and content of the AB agent, were stable in the 
embossing process. All the 1 00 sample packaging lam- 
inated sheets in Comparative example 10-4 were 

55 creased during the embossing process, and pinholes 
were formed in the twenty sample packaging laminated 
sheets of the same. 

[0588] The sample embossed packages formed from 
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the packaging laminated sheets in Example 10-5 were 
not whitened and not cracked and had no problem re- 
lating to chemical resistance. 
[0589] The packaging laminated sheets, i.e., the pol- 
ymer battery module packaging sheets, of the present s 
invention each provided with the heat-sealable layer of 
the ERRPP resin neither whiten nor crack when bent to 
form a pouch and when embossed to form an embossed 
package. The pouches and embossed packages 
formed from the packaging laminated sheets of the 10 
present invention exhibited remarkably stable sealing 
performance. The separation of the aluminum foil and 
the base layer during the heat-sealing process and the 
embossing process could be prevented by the chemical 
conversion treatment of both the surfaces of the alumi- is 
num foil. The chemical conversion coatings formed on 
both the surfaces of the aluminum foil prevented the cor- 
rosion of the surfaces of the aluminum foil by hydrogen 
fluoride produced by the interaction of the electrolyte or 
the polymer battery module and moisture and the sep- 20 
aration of the aluminum foil and the layer on the side of 
the polymer battery module due to the corrosion of the 
surfaces of the aluminum foil. 

[0590] Since the ERRPP rosin film serving as the 
heat-sealable resin layer, i.e., the innermost layer, can 25 
be bonded to the aluminum foil by the PPa resin, i.e., 
the adhesive resin, by a sandwich lamination method, 
the packaging laminated sheet of the present invention 
can be manufactured at a high productivity. The heat- 
sealable resin layer and the aluminum foil can be bond- 30 
ed together by a sufficiently high adhesive strength by 
subjecting the laminated sheet to postheating or by 
heating the surface of the aluminum foil when applying 
the PPa resin to the aluminum foil by a sandwich lami- 
nation method. 35 



Claims 

1. A polymer battery module packaging sheet for 
packaging a polymer battery module, comprising, 
as essential components: 

a base layer, 

an aluminum layer, 

a chemical conversion coating, and 

an innermost layer; 



the chemical conversion coating is formed by 
phosphate treatment. 

4. The polymer battery module packaging sheet ac- 
cording to claim 2, wherein 

an adhesive layer formed by a dry lamination 
method is interposed between the chemical conver- 
sion coating and the innermost layer. 

5. The polymer battery module packaging sheet ac- 
cording to claim 1, wherein 

the innermost layer is formed of a polyethyl- 
ene resin. 

6. The polymer battery module packaging sheet ac- 
cording to claim 5, wherein 

the innermost layer is formed of a medium- 
density polyethylene resin. 

7. The polymer battery module packaging sheet ac- 
cording to claim 5, wherein 

the innermost layer is formed of a linear low- 
density polyethylene resin. 

8. The polymer battery module packaging sheet ac- 
cording to claim 5, wherein 

the chemical conversion coating is formed by 
phosphate treatment. 

9. A polymer battery module packaging sheet for 
packaging a polymer battery module, comprising, 
as essential components: 

a base layer, 

an aluminum layer, 

a chemical conversion coating, and 

an innermost layer; 

wherein the innermost layerconsists of an ad- 
hesive resin layer and an innermost resin layer. 

10. The polymer battery module packaging sheet ac- 
cording to claim 9, wherein 

the adhesive resin layer is formed of an acid- 
modified polypropylene resin, the innermost resin 
layer is formed of a polypropylene resin, and the ad- 
hesive resin layer and the innermost layer are 
formed by a coextrusion lamination method. 

11. The polymer battery module packaging sheet ac- 
cording to claim 10, wherein 

the chemical conversion coating is formed by 
phosphate treatment. 

12. The polymer battery module packaging sheet ac- 
cording to claim 9, wherein 

. the adhesive resin layer is formed of an acid- 
modified polypropylene resin, the innermost resin 
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wherein the innermost layer consists of a sin- 
gle layer. 50 

2. The polymer battery module packaging sheet ac- 
cording to claim 1 , wherein 

the innermost layer is formed of a cast poly- 
propylene resin. 55 

3. The polymer battery module packaging sheet ac- 
cording to claim 2, wherein 
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layer is a film of a polypropylene resin, and the ad- 
hesive resin layer and the innermost resin layer are 
formed by a sandwich lamination method. 

13. The polymer battery module packaging sheet ac- 
cording to claim 1 2, wherein 

the chemical conversion coating is formed by 
phosphate treatment. 

14. The polymer battery module packaging sheet ac- 
cording to claim 12, wherein 

an additional chemical conversion coating is 
interposed between the base layer and the alumi- 
num layer. 

15. The polymer battery module packaging sheet ac- 
cording to claim 9, wherein 

the adhesive resin layer contains an acid- 
modified polypropylene resin, the innermost resin 
layer contains an ethylene-butene-propylene ter- 
polymer, and the adhesive resin layer and the in- 
nermost layer are formed by a coextrusion lamina- 
tion method. 

16. The polymer battery module packaging sheet ac- 
cording to claim 15, wherein 

the chemical conversion coating is formed by 
phosphate treatment. 

17. The polymer battery module packaging sheet ac- 30 
cording to claim 15, wherein 

the innermost resin layer is formed of a poly- 
propylene resin containing not less than 5% of a ter- 
polymer. 



18 



The polymer battery module packaging sheet ac- 
cording to claim 15, wherein 

the innermost resin layer is a multilayer struc- 
ture including at least one polypropylene resin layer 
containing not less than 5% of a terpolymer. 



19. The polymer battery module packaging sheet ac- 
cording to claim 1 5, wherein 

the adhesive resin layer is formed of an acid- 
modified polypropylene resin containing not less 
than 5% of a terpolymer. 

20. The polymer battery module packaging sheet ac- 
cording to claim 15, wherein 

an additional chemical conversion coating is 
interposed between the base layer and the alumi- 
num layer. 
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The polymer battery module packaging sheet ac- 
cording to claim 9, wherein 

the adhesive resin layer contains an acid- 
modified polypropylene resin, the innermost resin 
layer is a film of an ethylene-butene-propylene ter- 
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polymer, and the adhesive resin layer and the in- 
nermost resin layer are formed by a sandwich lam- 
ination method. 

22. The polymer battery module packaging sheel ac- 
cording to claim 21 , wherein 

the chemical conversion coating is formed by 
phosphate treatment. 

23. The polymer battery module packaging sheet ac- 
cording to claim 21 , wherein 

the innermost resin layer is a film of a polypro- 
pylene resin containing not less than 5% of a ter- 
polymer 

24. The polymer battery module packaging sheet ac- 
cording to claim 21 , wherein 

the innermost resin layer is a multilayer struc- 
ture including at least one polypropylene resin layer 
containing not less than 5% of a terpolymer. 



25. The polymer battery module packaging sheet ac- 
cording to claim 21 1 wherein 

the adhesive resin layer is formed of an acid- 
25 modified polypropylene resin containing not less 
than 5% of a terpolymer. 



26. The polymer battery module packaging sheet ac- 
cording to claim 9, wherein 

the adhesive resin layer is formed of an acid- 
modified polyethylene resin, the innermost resin 
layer is formed of a polyethylene resin, and the ad- 
hesive resin layer and the innermost layer are 
formed by a coextrusion lamination method. 

27. The polymer battery module packaging sheet ac- 
cording to claim 26, wherein 

the chemical conversion coating is formed by 
phosphate treatment. 
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28. The polymer battery module packaging sheet ac- 
cording to claim 26, wherein 

an additional chemical conversion coating is 
interposed between the base layer and the alumi- 
45 num layer. 



29. The polymer battery module packaging sheet ac- 
cording to claim 9, wherein 

the adhesive resin layer is formed of an acid- 
modified polyethylene resin, the innermost layer is 
formed of a polyethylene resin, and the adhesive 
resin layer and the innermost layer are formed by a 
sandwich lamination method. 
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30. The polymer battery module packaging sheet ac- 
cording to claim 29, wherein 

the chemical conversion coating is formed by 
phosphate treatment. 
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The polymer battery module packaging sheet ac- 
cording to claim 29, wherein 

an additional chemical conversion layer is in- 
terposed between the base layer and the aluminum 
layer. 

The polymer battery module packaging sheet ac- 
cording to claim 9, wherein 

the adhesive resin layer is formed of a mate- 
rial containing an acid-modified polypropylene resin 
as a principal component, the innermost resin layer 
includes a layer formed of an ethylene-rich random 
polypropylene resin having an ethylene content in 
the range of 5% to 10% by mol, and the adhesive 
resin layer and the innermost resin layer are formed 
by a coextrusion lamination method. 

33. The polymer battery module packaging sheet ac- 
cording to claim 32, wherein 

the chemical conversion coating is fonned by 
phosphate treatment. 

34. The polymer battery module packaging sheet ac- 
cording to claim 32, wherein 

the innermost resin layer is formed of an eth- 
ylene-rich polypropylene resin. 

35. The polymer battery module packaging sheet ac- 
cording to claim 32, wherein 

the innermost resin layer is a multilayer struc- 
ture including at least one layer formed of an ethyl- 
ene-rich random polypropylene resin. 

36. The polymer battery module packaging sheet ac- 
cording to claim 32, wherein 

the innermost resin layer contains an anti- 
blocking agent. 

37. The polymer battery module packaging sheet ac- 
cording to claim 9, wherein 

the adhesive resin layer is formed of a mate- 
rial containing an acid-modified polypropylene resin 
as a principal component, the innermost resin layer 
includes a layer formed of an ethylene-rich random 
polypropylene resin having an ethylene content in 
the range of 5% to 10% by mol, and the adhesive 
resin layer and the innermost resin layer are formed 
by a sandwich lamination method. 



38. The polymer battery module packaging sheet ac- so 
cording to claim 37, wherein 

the chemical conversion coating is formed by 
phosphate treatment. 

39. The polymer battery module packaging sheet ac- 55 
cording to claim 37, wherein 

a bonding layer formed by a dry lamination 
method is interposed between the base layer and 



the aluminum layer. 
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40. The polymer battery module packaging sheet ac- 
cording to claim 37, wherein 

the innermost resin layer is formed of a ran- 
dom polypropylene resin having an ethylene con- 
tent in the range of 5% to 1 0% by mol. 

41. The polymer battery module packaging sheet ac- 
cording to claim 37, wherein 

the innermost resin layer is a multilayer struc- 
ture including at least one layer formed of an ethyl- 
ene-rich random polypropylene resin. 

42. The polymer battery module packaging sheet ac- 
cording to claim 37, wherein 

the innermost resin layer contains an anti- 
blocking agent. 

43. A polymer battery module packaging sheet manu- 
facturing method, comprising the steps of; 

processing one of surfaces of an aluminum lay- 
er by chemical conversion treatment; 
dry-laminating the aluminum layer to a base 
layer with the other surface of the aluminum lay- 
er not processed by the chemical conversion 
treatment bonded to the base layer: and 
forming an innermost layer on the surface proc- 
essed by the chemical conversion treatment of 
the aluminum layer by extruding a molten resin 
for forming the innermost layer in a molten resin 
film by an extrusion method while a surface of 
the molten resin film facing the aluminum layer 
is processed by ozone treatment, 

44. A polymer battery module packaging sheet manu- 
facturing method, comprising the steps of: 

processing one of surfaces of an aluminum lay- 
er by chemical conversion treatment; 
dry-laminating the aluminum layer to a base 
layer with the other surface thereof not proc- 
essed by the chemical conversion treatment 
bonded to the base layer; and 
laminating a film consisting of an innermost lay- 
er and an adhesive resin layer to the surface 
processed by the chemical conversion treat- 
ment of the aluminum layer by a coextrusion 
method while a surface of a molten resin film 
forming the adhesive resin layer facing the alu- 
minum layer is processed by ozone treatment. 



45. A polymer battery module packaging sheet manu- 
facturing method, comprising the steps of: 

processing one of surfaces of an aluminum lay- 
er by chemical conversion treatment; 
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dry-laminating the aluminum layer to a base 
layer with the other surface thereof not proc- 
essed by the chemical conversion treatment 
bonded to the base layer; 
forming an adhesive resin layer by extruding an 5 
adhesive resin in a molten resin film on the sur- 
face of the aluminum layer processed by the 
chemical conversion treatment while a surface 
of the molten resin film facing the aluminum lay- 
er is processed by ozone treatment, and bond- 10 
ing a film for forming an innermost resin layer 
to the aluminum layerby the adhesive resin lay- 
er. 

46. The polymer battery module packaging sheet man- is 
ufacturing method according to claim 44 or 45, 
wherein 

the adhesive resin layer is formed of a medi- 
um-density polyethylene resin. 

20 

47. The polymer battery module packaging sheet man- 
ufacturing method according to claim 44 or 45, 
wherein 

the adhesive resin layer is formed of a linear 
low-density polyethylene resin. 25 

48. The polymer battery module packaging sheet man- 
ufacturing method according to any one of claims 
43 to 45 further comprising: 

30 

the step of heating a laminated sheet including 
the aluminum layer, the base layer, the adhe- 
sive resin layer and the innermost layer at a 
temperature not lower than a softening point of 
a material forming the adhesive resin layer. 35 

49. The polymer battery module packaging sheet man- 
ufacturing method according to any one of claims 
43 to 45, wherein 

the surface of the aluminum layer facing the 40 
molten resin film is heated at a temperature not low- 
er than a softening point of a resin forming the mol- 
ten resin film. 

50. A polymer battery module packaging sheet manu- 45 
facturing method comprising the step of sequential- 
ly laminating at (east a base layer, an aluminum lay- 
er, a chemical conversion coating and an innennost 
layer; 

wherein the innermost layer is formed of a pol- so 
yethylene resin. 

51 . The polymer battery module packaging sheet man- 
ufacturing method according to claim 50 : wherein 

the innermost layer is formed of a medium- ss 
density polyethylene resin. 

52. The polymer battery module packaging sheet man- 



ufacturing method according to claim 50, wherein 
the innermost layer is formed of a linear low- 
density polyethylene resin. 

53. The polymer battery module packaging sheet man- 
ufacturing method according to claim 50, wherein 

the chemical conversion coating is formed by 
phosphate treatment. 

54. A polymer battery module packaging sheet manu- 
facturing method comprising the steps of: 

processing both surfaces of an aluminum layer 
by chemical conversion treatment; 
dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; and 
laminating an innermost layer to the other sur- 
face of the aluminum layer by extruding a mol- 
ten resin in a molten resin film by an extrusion 
process while a surface of the molten resin film 
facing the aluminum layer is processed by 
ozone treatment. 

55. A polymer battery module packaging shoot manu- 
facturing method comprising the steps of: 

processing both surfaces of an aluminum layer 
by chemical conversion treatment; 
dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; and 
laminating a film of a molten adhesive resin film 
for forming an adhesive resin layer, and an in- 
nermost layer formed by a coextrusion lamina- 
tion method to the other surface of the alumi- 
num layer while a surface of the molten adhe- 
sive resin film facing the aluminum layer is proc- 
essed by ozone treatment. 

56. A polymer battery module packaging sheet manu- 
facturing method comprising the steps of: 

processing both surfaces of an aluminum layer 
by chemical conversion treatment; 
dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; and 
extruding an adhesive resin on the other sur- 
face or the aluminum layer in a molten adhesive 
resin film, sandwich-laminating a film for form- 
ing an innermost layer to the other surface of 
the aluminum layer by the molten adhesive res- 
in film while a surface of the molten adhesive 
resin film facing the aluminum layer is proc- 
essed by ozone treatment. 

57. The polymer battery module packaging sheet man- 
ufacturing method according to any one of claims 
54 to 56, wherein 

the adhesive resin layer is formed of a medi- 
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um-density polyethylene resin. 

The polymer battery module packaging sheet man- 
ufacturing method according to any one of claims 
54 to 56, wherein 

the adhesive resin layer is formed of a linear 
low-density polyethylene resin. 

The polymer battery module packaging sheet man- 
ufacturing method according to any one of claims 
54 to 56 further comprising: 

the step of heating a laminated sheet including 
the base layer, the aluminum layer, the adhe- 
sive resin layer and the innermost layer at a 
temperature not lower than a softening temper- 
ature of the adhesive resin. 



60. The polymer ballery module packaging sheel man- 
ufacturing method according to any one of claims 
54 to 56, wherein 

the surface of the aluminum layer facing the 
molten resin film is heated at a temperature not low- 
er than a softening point of the molten resin film 
when laminating the molten resin film to the alumi- 
num layer. 

61. A polymer battery module packaging sheet manu- 
facturing method comprising the steps of: 

processing at least one of surfaces of an alu- 
minum layer by chemical conversion treatment; 
dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; 
forming a laminated sheet by laminating a film 
consisting of an adhesive resin layer and an in- 
nermost layer and formed by a coextrusion lam- 
ination method to the surface processed by the 
chemical conversion treatment of the aluminum 
layer; and 

heating the laminated sheet so that the adhe- 
sive resin layer is heated at a temperature not 
lower than its softening point. 

62. The polymer battery module packaging sheet man- 
ufacturing method according to claim 61 , wherein 

bolh the surfaces or the aluminum layer are 
processed by a chemical conversion treatment. 

63. A polymer battery module packaging sheet manu- 
facturing method comprising the steps of: 

processing at least one of surfaces of an alu- 
minum layer by chemical conversion treatment; 
dry-laminating a base layer to one of the sur- 
faces of the aluminum; 

forming a laminated sheet by bonding a poly- 
propylene resin film with an adhesive resin lay- 
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er of an acid-modified polypropylene resin to 
the other surface processed by the chemical 
conversion treatment of the aluminum layer by 
a sandwich lamination process; and 
heating the laminated sheet so that the adhe- 
sive resin layer is heated at a temperature not 
lower than its softening point. 

64. The polymer battery module packaging sheet man- 
ufacturing method according to claim 63, wherein 

both the surfaces of the aluminum layer are 
processed by the chemical conversion treatment. 

65. A polymer battery module packaging sheet manu- 
facturing method comprising the steps of: 

processing at least one of surfaces of an alu- 
minum layer by chemical conversion treatment; 
dry-laminating a base layer to one or the sur- 
faces of the aluminum layer; 
forming a laminated sheet by laminating a film 
consisting of a film of an acid-modified polyeth- 
ylene resin and a film of a polyethylene resin to 
the surface processed by the chemical conver- 
sion treatment of the aluminum layer by a co- 
extrusion lamination method; and 
heating the laminated sheet so that the film of 
the acid-modified polyethylene resin is heated 
at a temperature not lower than the softening 
point of the acid-modified polyethylene resin. 



66. The polymer battery module packaging sheet man- 
ufacturing method according to claim 65, wherein 

both the surfaces of the aluminum layer are 
& processed by the chemical conversion treatment. 

67. A polymer battery module packaging sheet manu- 
facturing method comprising the steps of: 
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processing at least one of surfaces of an alu- 
minum layer by chemical conversion treatment; 
dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; 
forming a laminated sheet by bonding a film of 
a polyethylene resin with an adhesive resin lay- 
er of an acid-modified polyethylene resin to the 
surface processed by the chemical conversion 
treatment of the aluminum layer by a sandwich 
lamination process; and 
heating the laminated sheet so that the adhe- 
sive resin layer is heated at a temperature not 
lower than the softening point of the acid-mod- 
ified polyethylene resin. 

68. The polymer battery module packaging sheet man- 
ufacturing method according to claim 67, wherein 
both the surfaces of the aluminum layer are 
processed by the chemical conversion treatment. 
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69. A polymer battery module packaging sheet manu- 
facturing method comprising the steps of: 

processing at least one of surfaces of an alu- 
minum layerby chemical conversion treatment; 
dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; 
forming a laminated sheet by laminating a film 
consisting of a film of an acid-modified polypro- 
pylene resin and a film of an ethylene-rich ran- 
dom polypropylene resin to the surface proc- 
essed by the chemical conversion treatment of 
the aluminum layer by a coextrusion lamination 
method; and 

heating the laminated sheet so that the adhe- 
sive resin layer is heated at a temperature not 
lower than the softening point of the acid-mod- 
ified polypropylene resin. 

70. The polymer battery module packaging sheet man- 
ufacturing method according to claim 69 : wherein 

the innermost layer is a multilayer structure in- 
cluding at least one layer of an ethylene-rich ran- 
dom polypropylene resin. 



120 

an ethylene-rich random polypropylene resin 
with an adhesive resin layer of an acid-modified 
polypropylene resin to the surface processed 
by the chemical conversion treatment of the 
aluminum layer by a sandwich lamination proc- 
ess; and 

heating the laminated sheet so that the adhe- 
sive resin layer is heated at a temperature not 
lower than the softening point of the resin layer. 

10 

74. The polymer battery module packaging sheet man- 
ufacturing method according to claim 73, wherein 

the polypropylene layer is a multilayer struc- 
ture including at least one layer of an ethylene-rich 
random polypropylene resin. 

75. A polymer battery module packaging sheet manu- 
facturing method comprising the steps of: 

processing at least one of surfaces of an alu- 
minum layer by chemical conversion treatment; 
dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; 
forming a laminated sheet by bonding a film of 
an ethylene-rich random polypropylene resin 
with an adhesive resin layer of an acid-modified 
polypropylene resin to the surface processed 
by the chemical conversion treatment of the 
aluminum layer by a sandwich lamination proc- 
ess, while heating the surface processed by the 
chemical conversion treatment of the aluminum 
layer at a temperature not lower than a soften- 
ing point of the acid-modified polypropylene. 

76. The polymer battery module packaging sheet man- 
ufacturing method according to claim 75, wherein 

the innermost layer is a multilayer structure in- 
cluding at least one layer of an ethylene-rich ran- 
dom polypropylene resin. 



25 

71. A polymer battery module packaging sheet manu- 
facturing method comprising the steps of: 

processing at least one of surfaces of an alu- 
minum layer by chemical conversion treatment; 30 
dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; and 
forming a laminated sheet by heating the sur- 
face processed by the chemical conversion 
treatment of the aluminum layer at a tempera- 35 
ture not lower than a softening point of an acid- 
modified polypropylene resin and laminating a 
film consisting of a film of the acid-modified 
polypropylene resin and a film of an ethylene- 
rich random polypropylene resin to the surface 40 
processed by the chemical conversion treat- 
ment of the aluminum layer by a coextrusion 
lamination method, 

72. The polymer battery module packaging sheet man- 45 
ufacturing method according to claim 71 . wherein 

the innermost layer is a multilayer structure in- 
cluding at least one layer of an ethylene-rich ran- 
dom polypropylene resin. 

so 

73. A polymer battery module packaging sheet manu- 
facturing method comprising the stops of: 

processing at least one of surfaces of an alu- 
minum layer by chemical conversion treatment; 55 
dry-laminating a base layer to one of the sur- 
faces of the aluminum layer; 
forming a laminated sheet by bonding a film of 
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